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Abstract
We find all symmetric space solutions of eleven-dimensional supergravity completing an earlier
classification by Figueroa-O’Farrill. They come in two types: AdS solutions and pp-wave solu-
tions. We analyze the supersymmetry conditions and show that out of the 99 AdS geometries
the only supersymmetric ones are the well known backgrounds arising as near-horizon limits of
(intersecting) M-branes and preserving 32, 16 or 8 supersymmetries. The general form of the
superisometry algebra for symmetric space backgrounds is also derived.
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1 Introduction
Eleven-dimensional supergravity [1] has a long history going back almost 40 years. Solutions to
this theory are of great interest in string theory since eleven-dimensional supergravity is the low-
energy limit of M-theory. In particular, solutions involving Anti-de Sitter space are of interest
as they can provide examples of the AdS/CFT correspondence [2] between M-theory in the AdS
space and a dual boundary conformal field theory.1 The most well understood example being
AdS4 × S7 [6].
Here we will deal with a particularly simple class of solutions: symmetric spaces.2 These
solutions are particularly easy to analyze as the differential equations of supergravity reduce
to algebraic equations in this case. Besides their simplicity another reason to be interested in
symmetric space solutions is that when reduced to ten dimensions they lead to integrable string
theories, at least if the background preserves some amount of supersymmetry [7, 8]. From this
point of view it would be even more interesting to classify symmetric space solution of ten-
dimensional supergravity but since this is a more difficult problem we will leave it for the future
(see however [9]).
The problem of finding the symmetric space solutions of eleven-dimensional supergravity was
addressed by Figueroa O’Farrill a couple of years ago in a very nice paper [10]. He showed that
the solutions come in two families: pp-wave (or Cahen-Wallach) solutions and AdS solutions.
1Note however that the vast majority of solutions we find are non-supersymmetric and recent arguments [3,4]
suggest that they should be unstable. A notable exception is AdS5×CP
2×T 2 whose reduction to ten dimensions,
although non-supersymmetric, is T-dual to AdS5 × S
5 [5].
2We assume that the four-form flux present in eleven-dimensional supergravity respects the symmetric space
structure, i.e. it is given by a combination of invariant forms on the symmetric space.
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He gave a list of all the AdS geometries that can occur and determined the fluxes completely
for all cases except backgrounds of the form AdS2 × (S2)n × T 9−2n for which the analysis was
too involved. The supersymmetry of the backgrounds listed in [10] was later analyzed in [11].
Here we will revisit this problem and determine all symmetric space solutions of eleven-
dimensional supergravity including the AdS2 × (S2)n × T 9−2n ones. On the way we will correct
some mistakes in the analysis of [10]. We will also analyze the supersymmetry of the AdS
solutions completing the analysis of [11]. The result is presented in tables 1–5. Factors in the
geometry with flux on them are underlined. The notation S2(H2) means that either the compact
space S2 or the non-compact version H2 can occur depending on parameters in the flux. We
also give the number of supersymmetries preserved and the number of free parameters in the
flux which we refer to as F moduli.3 In total we find 99 AdS geometries
3 AdS7 geometries
0 AdS6 geometries
9 AdS5 geometries
9 AdS4 geometries
25 AdS3 geometries
53 AdS2 geometries
Comparing to the results of [10] we find that some solutions were missed there, namely solution
7 of table 2 and 22 of table 4 while solution 6 is more general and only the first branch of solution
60 of table 5 was found there. As already mentioned solutions of the form AdS2× (S2)n×T 9−2n
for n = 1, 2, 3 (40, 41, 43–45 of table 5) were not analyzed in [10] due to the complexity of the
flux. In addition [10] lists some spaces4 which we find not to solve the supergravity equations.
We also carry out a supersymmetry analysis for the complete list of symmetric space AdS
backgrounds, tables 1–5. Though most of the backgrounds were already analyzed in [11] the
present analysis has the advantage that it is not done by computer and is thus more transparent.
The only supersymmetric solutions turn out to be the well known ones arising as near-horizon
geometries of (intersecting) M-branes [12–18]. These are listed in table 6 together with their
superisometry algebras and Killing spinor projection conditions. The general form of the superi-
sometry algebra for symmetric space solutions5 in terms of the geometry and flux is presented in
(B.14), whose form is formally the same as in the type II case [8]. This algebra reduces to those
listed in table 6 upon plugging in the corresponding curvature and flux. The superisometry al-
gebra defines a supercoset space which is obtained from the full (11|32)-dimensional superspace
by setting the Grassmann odd coordinates not associated to supersymmetries to zero as we show
in appendix B. The supermembrane action restricted to this supercoset space is easily written
down.
The outline of the paper is as follows. In the next section we analyze the algebraic problem of
finding all symmetric space solutions of eleven-dimensional supergravity. Then in sec. 3 we check
the integrability condition for the Killing spinor equation to determine which of the AdS solu-
tions are supersymmetric. Appendix A gives the superspace constraints of eleven-dimensional
3Note that our analysis is purely classical and does not take into account for example quantization of brane
charges. Our analysis also does not distinguish between compact and non-compact flat directions, i.e. Tn vs Rn.
4They are: AdS2 ×GC(2, 4)× S
1, AdS2 × S
3 × S3 × T 3, AdS2 ×CH
2 × S3 × T 2, AdS2 × S
3 ×H2 × T 4 and
AdS2 × S
2 × S2 × S2(H2)× S2(H2)× S1.
5For a recent discussion of the superisometry algebra for general backgrounds see [19].
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supergravity and the derivation of the equations of motion from these. Appendix B gives the
derivation of the superisometry algebra and supercoset subspace for a general symmetric space
solution. Finally, in appendix C, we prove a useful result for classifying the most complicated
AdS2 solutions which were not previously analyzed.
Solution Supersymmetries F moduli
1. AdS7 × S4 32 -
2. AdS7 ×CP2 - -
3. AdS7 × S2 × S2 - -
Table 1: AdS7 solutions. The underline indicates where the four-form flux is sitting.
Solution Supersymmetries F moduli
4. AdS5 ×CP3 - -
5. AdS5 ×G+
R
(2, 5) - -
6. AdS5 ×CP2 × S2(H2) - 1
7. AdS5 ×CP2 × T 2 - -
8. AdS5 × S2 × S2 × S2(H2) - 2
9. AdS5 × S2 × S2 × T 2 - 1
10. AdS5 × S4 ×H2 - -
Table 2: AdS5 solutions. The underline indicates where the four-form flux is sitting. The nota-
tion S2(H2) means that this factor can be either the compact two-sphere or the corresponding
non-compact space, the hyperbolic plane, depending on the value of the parameter(s) controlling
the four-form flux.
Solution Supersymmetries F moduli
11. AdS4 × S7 32 -
12. AdS4 × S5 × S2 - -
13. AdS4 × SLAG3 × S2 - -
14. AdS4 × S4 × S3 - -
15. AdS4 ×CP2 × S3 - -
16. AdS4 × S3 × S2 × S2 - -
17. AdS4 × S4 ×H3 - -
18. AdS4 ×CP2 ×H3 - -
19. AdS4 × S2 × S2 ×H3 - -
Table 3: AdS4 solutions. The underline indicates where the four-form flux is sitting.
2 Symmetric space solutions of eleven-dimensional supergravity
The equations of motion of eleven-dimensional supergravity take the form6
Rab =
1
2〈iaF, ibF 〉 − 16 |F |2ηab , d ∗ F = −12F ∧ F . (2.1)
6These are derived in the superspace formulation in appendix A. In our conventions Rab = Rac
c
b, iaF =
1
6
Ed ∧ Ec ∧EbFabcd and the inner product of forms is defined as
〈α, β〉 =
1
n!
αa1···anβa1···an , |α|
2 = 〈α, α〉 .
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Solution Supersymmetries F moduli
20. AdS3 × S3 × S3 × S1 × S1 16 1
21. AdS3 × S3 × S1 × T 4 16 -
22. AdS3 ×CP2 ×CP2(CH2) - 1
23.
{
AdS3 ×CH2 × S2 × S2
AdS3 ×CP2 × S2(H2)× S2(H2) - 2
24. AdS3 ×CP2 × S2(H2)× T 2 - 1
25. AdS3 ×CP2 × T 4 - -
26. AdS3 × S2 × S2 × S2(H2)× S2(H2) - 4
27. AdS3 × S2 × S2 × S2(H2)× T 2 - 3
28. AdS3 × S2 × S2 × T 4 -/-/-/8 2/2/2/1
29. AdS3 × S2 × T 6 8 -
30. AdS3 × S4 ×H4 - -
31. AdS3 ×CP2 ×H4 - -
32. AdS3 × S2 × S2 ×H4 - -
33. AdS3 × S4 ×CH2 - -
34. AdS3 × S4 ×H2 ×H2 - -
35. AdS3 ×CP3 ×H2 - -
36. AdS3 ×G+
R
(2, 5) ×H2 - -
Table 4: AdS3 solutions. The underline indicates where the four-form flux is sitting. For 28
there are four different branches of solutions, three non-supersymmetric and one supersymmetric,
whose four-form flux involves respectively two and one free parameters.
where F = dC, with C the three-form potential of eleven-dimensional supergravity.
Specializing to symmetric space solutions F must be constant, d ∗ F = 0, so that the
corresponding equation of motion reduces to the algebraic equation F ∧ F = 0. The Einstein
equation also becomes algebraic by noting that for an irreducible symmetric space any symmetric
bilinear form, e.g. the Ricci tensor, is proportional to the metric. The proportionality constant
is then determined in terms of F by the Einstein equation.
A general symmetric space solution takes the form
M0 ×M1 × . . .×Mn (2.2)
where each Mi i = 1, . . . , n is an irreducible Riemannian symmetric space and M0 is an (inde-
composable) Lorentzian symmetric space. The Riemannian symmetric spaces were classified in
terms of Lie algebras by Cartan and in table 7 we list the irreducible ones up to dimension ten
(the corresponding Lie algebras can be found in table 1 of [10]). The indecomposable Lorentzian
symmetric spaces have been classified in [20] and there are three classes: Anti-de Sitter space
AdSn, de Sitter space dSn and Cahen-Wallach (pp-wave) spaces
7 CWn(A) where A is a sym-
metric bilinear form on the transverse (n − 2)-dimensional subspace. It is easy to show that
de Sitter solutions are not compatible with the supergravity equations, see [10] for a proof. It
where α = 1
n!
Ean ∧ · · · ∧ Ea1αa1···an and similarly for β. The Hodge-dual of F has components (∗F )fghijkl =
1
4!
εfghijklbcdeF
bcde.
7These spaces have metric
ds2 = 2dx+dx− +Aijx
ixj(dx−)2 + dxidxi ,
with Aij a non-degenerate symmetric bilinear form which can be taken to be diagonal A = diag(a1, . . . , an). The
only non-vanishing component of the Ricci tensor is R−− = −trA. The invariant forms are the constants together
with ci1···indx
− ∧ dxi1 ∧ · · · ∧ dxin with ci1···in constant. See [10] for further details.
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Solutions Supersymmetries F moduli
37. AdS2 ×CP3 × T 2 × S1 - -
38. AdS2 ×G+
R
(2, 5) × T 2 × S1 - -
39. AdS2 ×CP2 × S2 × T 2 × S1 - 1
40. AdS2 × S2 × S2 × S2 × T 2 × S1 - 2
41. AdS2 × S2 × S2 × S2(H2)× T 3 - 3
42. AdS2 ×CP2 × T 2 × T 3 - 1
43. AdS2 × S2 × S2 × T 4 × S1 -/8/-/-/-/- 3/1/3/2/3/2
44. AdS2 × S2 × S2 × T 2 × T 3 - 2
45. AdS2 × S2 × T 4 × T 3 -/-/8 1/1/-
46. AdS2 × SLAG4 - -
47. AdS2 ×H2 × S7 - -
48.
{
AdS2 ×CP2(CH2)× S5
AdS2 ×CP2 ×H5 - 1
49.
{
AdS2 ×CP2(CH2)× SLAG3
AdS2 ×CP2 × SL(3,R)/SO(3) - 1
50.
{
AdS2 × S2(H2)× S2(H2)× S5
AdS2 × S2 × S2 ×H5 - 2
51.
{
AdS2 × S2(H2)× S2(H2)× SLAG3
AdS2 × S2 × S2 × SL(3,R)/SO(3) - 2
52. AdS2 × S2(H2)× T 2 × S5 - 1
53. AdS2 × S2(H2)× T 2 × SLAG3 - 1
54. AdS2 × T 4 × S5 - -
55. AdS2 × T 4 × SLAG3 - -
56.
{
AdS2 ×CP2 × S2(H2)× S3(H3)
AdS2 ×CH2 × S2 × S3 - 2
57.
{
AdS2 × S2 × S2(H2)× S2(H2)× S3
AdS2 × S2 × S2 × S2(H2)×H3 - 4
58. AdS2 ×CP2 × T 2 × S3(H3) - 1
59.
{
AdS2 × S2 × S2(H2)× T 2 × S3
AdS2 × S2 × S2 × T 2 ×H3 - 3
60. AdS2 × S2 × T 4 × S3 -/-/-/-/8 2/2/2/2/1
61. AdS2 × T 6 × S3 8 -
62. AdS2 ×H2 × S4 × S3 - -
63. AdS2 × S4 ×H5 - -
64. AdS2 × S4 × SL(3,R)/SO(3) - -
65. AdS2 × S4 ×H3 ×H2 - -
66. AdS2 ×CP3 ×H3 - -
67. AdS2 ×G+
R
(2, 5) ×H3 - -
Table 5: AdS2 solutions. The underline indicates where the four-form flux is sitting. When
there are different branches of solutions they are separated by ’/’.
is also easy to show that for the Cahen-Wallach case the only supergravity solutions are of the
form
CWn(A)×R11−n F = dx− ∧ ϕ trA = −12 |ϕ|2 , (2.3)
where ϕ is a transverse constant coefficient three-form. The special case n = 2 F = 0 is
eleven-dimensional Minkowski space. For the proof we refer again to [10].
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Solution superisometry algebra P (Pξ = ξ)
AdS7 × S4 osp(2, 6|4) 1
AdS4 × S7 osp(8|4) 1
AdS3 × S3 × S3 × T 2 d(2, 1;α) ⊕ d(2, 1;α) ⊕R2 eq. (3.20)
AdS3 × S3 × T 5 psu(1, 1|2) ⊕ psu(1, 1|2) ⊕R5 12 (1− Γ012345)
AdS3 × S2 × S2 × T 4 d(2, 1;α) ⊕ sl(2,R) ⊕R4 eq. (3.40)
AdS3 × S2 × T 6 psu(1, 1|2) ⊕ sl(2,R) ⊕R6 12 (1 + Γ3456)12(1− Γ5678)
AdS2 × S3 × S2 × T 4 d(2, 1;α) ⊕ su(2)⊕R4 eq. (3.52)
AdS2 × S3 × T 6 psu(1, 1|2) ⊕ su(2) ⊕R6 12 (1 + Γ2345)12(1− Γ4567)
AdS2 × S2 × S2 × T 5 d(2, 1;α) ⊕R5 eq. (3.63)
AdS2 × S2 × T 7 psu(1, 1|2) ⊕R7 12(1− Γ012378)12(1− Γ6789)
Table 6: Supersymmetric AdS solutions of symmetric space type. The corresponding Killing
spinor projection condition and superisometry algebras are listed.
We are therefore left with the task of classifying symmetric space AdS solutions of eleven-
dimensional supergravity. This is considerably more involved and the end result is presented in
tables 1–5. Our calculations follow the same lines as [10] but will cover also the cases left out
in that paper. We will also correct a few mistakes that appeared in that analysis. We will use
a similar but not identical notation and we will organize the calculations in a different way. We
will first analyze the backgrounds with |F |2 = 0 and then the backgrounds with |F |2 6= 0. The
latter case will be further subdivided in backgrounds without flux on AdS but flux on the rest
of the space, backgrounds without flux on a single (indecomposable) Riemannian factor but flux
on the rest of the space and remaining ones. As we will see in sec. 3 the last class cannot give
rise to supersymmetric backgrounds.
All solutions are given in equations with the geometry in boldface and the corresponding
flux. The conditions on the parameters appearing in the flux are given just below, e.g. (2.6).
We use the following notation for forms
• ν denotes the volume form on AdS with |ν|2 = −1
• σ denotes the volume form on spheres with |σ|2 = 1
• ω denotes the Ka¨hler form on CPn, G+
R
(2, 5) or T 6 with |ω|2 = n, for T 6 we take ω =
ϑ12 + ϑ34 + ϑ56
• ϑ12···n denotes the basic forms on flat directions, i.e. ϑ12···n = dx1 ∧ dx2 ∧ . . . ∧ dxn
• ω± denotes two choices of Ka¨hler form on T 4, ω± = ϑ12 ± ϑ34
• Ω± denotes the corresponding holomorphic two-form, Ω± = (ϑ1 + iϑ2) ∧ (ϑ3 ± iϑ4) with
ReΩ± = ϑ13 ∓ ϑ24 and ImΩ± = ϑ23 ± ϑ14
Before we look at specific backgrounds let us show that for AdSn×M11−n the spaceM11−n
must have positive scalar curvature and must therefore contain at least one irreducible Rieman-
nian factor of positive curvature. If n > 4 F cannot have legs along AdS so that |F |2 ≥ 0. From
the Einstein equation the Ricci scalar of AdS becomes −n6 |F |2 while that of M11−n becomes
n+1
6 |F |2 which is indeed positive. If n = 4 we have F = fν + F ′ and the Ricci scalars become
−23(2f2 + |F ′|2) < 0 and 16(7f2 + 5|F ′|2) > 0 respectively. For n = 3 we have F = ν ∧ ρ + F ′
with ρ ∈ Ω1(M11−n). The Ricci scalars become −12(2|ρ|2 + |F ′|2) < 0 and 16(5|ρ|2 + 4|F ′|2) > 0
6
dim Name Invariant forms
2 S2 0,2
3 S3 0,3
4 CP2 0,2,4
4 S4 0,4
5 SLAG3 0,5
5 S5 0,5
6 CP3 0,2,4,6
6 G+
R
(2, 5) 0,2,4,6
6 S6 0,6
7 S7 0,7
8 CP4 0,2,4,6,8
8 G
C
(2, 4) 0,2,42,6,8
8 S8 0,8
8 HP2 0,4,8
8 ASSOC 0,4,8
8 SU(3) 0,3,5,8
9 SLAG4 0,4,5,9
9 S9 0,9
10 CP5 0,2,4,6,8,10
10 G+
R
(2, 7) 0,2,4,6,8,10
10 S10 0,10
10 Sp(2) 0,3,7,10
Table 7: Irreducible Riemannian symmetric spaces up to dimension ten. For each entry there is
a compact and a non-compact version. The name listed is that of the compact version. G+
R
(k, n)
is the Grassmannian of oriented k-planes in Rn, G+
C
(k, n) the Grassmannian of complex k-planes
in Cn, ASSOC the Grassmannian of associative 3-planes inR7 and SLAGn is the Grassmannian
of special Lagrangian planes in Cn.
respectively. Finally for n = 2 we have F = ν ∧ ρ+ F ′ with ρ ∈ Ω2(M11−n). The Ricci scalars
become −13(2|ρ|2 + |F ′|2) < 0 and 12(|ρ|2 + |F ′|2) > 0 respectively completing the proof.
Another useful observation is that solutions with a CP2 factor can always be treated as
special cases of solutions with an S2 × S2 factor. This is because the solution is only sensitive
to the invariant forms and the invariant forms of the former can be thought of as generated by
the combination ω ∼ σ1+ σ2 of the latter. Using this fact saves us having to analyze cases with
CP
2 factors separately. Note that the same is true also for CP3, G+
R
(2, 5) which can be treated
as special cases of S2× S2 × S2 but in this case there are so few examples that this observation
is not very useful other than as a consistency check.
2.1 Solutions with |F |2 = 0
In this case the Einstein equation becomes
Rab =
1
2〈iaF, ibF 〉 , (2.4)
so that directions without flux are Ricci-flat and hence flat. Therefore the solutions in this class
take the form
AdSn ×Mk × T 11−n−k , (2.5)
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where Mk is a Riemannian symmetric space. Directions with F -flux are underlined. Clearly
we have n = 2, 3, 4 since otherwise it is not possible to put flux on the AdS-directions without
breaking isometries. Similarly Mk must consist of irreducible factors with invariant forms of
degree ≤ 3 (for a factor with only invariant four-forms the condition F ∧ F = 0 cannot be
satisfied). Looking at the list in table 7 the possible factors are S2,3, CP2,3,4, G+
R
(2, 5), G
C
(2, 4)
and SU(3) or their non-compact versions.
AdS4 solutions
This case is ruled out as follows. The flux is of the form F = fν + F ′ where ν is the volume
form on AdS4 and f is a non-vanishing constant. The condition F ∧ F = 0 then implies that
F ′ = 0 but then |F |2 6= 0.
AdS3 solutions
In this case there must be at least one flat direction with flux to be able to have flux on AdS3.
The flux is of the form F = ν ∧ ϑ1 + F ′. The condition F ∧ F = 0 implies that F ′ = ρ ∧ ϑ1 so
that F = (ν + ρ) ∧ ϑ1 for some non-vanishing three-form ρ. Note that the Einstein equation in
the 1-direction forces |F |2 = 0 so this analysis accounts for all solutions with flux on AdS3. The
only irreducible symmetric space of dimension less than eight with an invariant three-form is S3.
If there is no S3 factor we must have ρ =
∑
i ρ(i) ∧ϑi for some two-forms ρ(i). This case is ruled
out as follows. The Einstein equation (2.4) says that the component of the Ricci tensor along
one of the flat directions ϑi is a sum of (strictly) positive terms which contradicts the fact that
this direction is flat. This leaves only the possibilities ρ = σ or ρ = σ1+ σ2 where σ denotes the
volume form on S3(H3). From the Einstein equation we find that the scalar curvature of the
corresponding factor in the geometry is positive ruling out H3. This leaves us with the solutions
AdS3 × S3 × S3 × S1 × S1 , AdS3 × S3 × S1 × T 4 , F = (f1ν+f2σ1+f3σ2)∧ϑ1 , (2.6)
where the Einstein equation implies f21 = f
2
2 + f
2
3 . The second solution corresponds to f3 = 0
and arises as a limit of the first.
AdS2 solutions
The flux is of the form F = ν ∧ ρ+F ′ where ρ is some non-vanishing two-form. Let us start by
considering the irreducible eight- or nine-dimensional factors in table 7. The only spaces with
invariant two-forms are CP4 and G
C
(2, 4). For CP4 taking ρ = ω with ω the Ka¨hler form the
condition F ∧ F = 0 implies ω ∧ F ′ = 0 which in turn implies F ′ = 0 but then |F |2 6= 0. For
G
C
(2, 4) there is one invariant two-form ω and two invariant four-forms Ω(i) i = 1, 2. Since they
satisfy ω ∧ (Ω(1) − Ω(2)) = 0 (see appendix A.4 of [10]) we can take ρ = ω and F ′ = Ω(1) − Ω(2)
to satisfy ρ ∧ F ′ = 0, however F ′ ∧ F ′ is then non-zero and we do not get a solution.8
For the six-dimensional factors G+
R
(2, 5) and CP3 we have three extra directions which can
form an S2 × S1 or a T 3 and the condition F ∧ F = 0 means that the flux must take the form
F = fν ∧ ω + ν ∧ ρ1 + ω ∧ ρ2 with fρ2 = 0 where ρ1 = ρ2 = σ or ρ1, ρ2 ∈ Ω2(T 3). If ρ2 = 0
we get |F |2 6= 0 so we must have instead f = 0. The S2 case is ruled out since its curvature is
proportional to |F |2 which vanishes. We can take ρ1 = f1ϑ12 and then the Einstein equation in
the 3-direction forces ρ2 ∝ ρ1 and we get the solutions
AdS2 ×G+
R
(2, 5) × T 2 × S1 , AdS2 ×CP3 × T 2 × S1 , F = f(
√
3 ν + ω) ∧ ϑ12 . (2.7)
8 [10] incorrectly lists this as a solution.
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Next let us rule out geometries with S3 factors. The highest dimension irreducible factor
we could have is then CP2 but then F ∧ F = 0 cannot be satisfied. The most we can have are
two S3 factors. The remaining directions must then be flat and the flux must take the form
F = f1ν∧ϑ12+f2σ1∧ϑ1+f3σ2∧ϑ1 to satisfy F∧F = 0. But then the Einstein equation in the flat
directions cannot be satisfied. With one S3 factor we must have F = f1ν∧ϑ12+f2σ∧ϑ1+ρ∧ϑ1
for some three-form ρ. However the difference of the Einstein equations in the 1 and 2-directions
implies f22 + |ρ′|2 = 0, where ρ′ is the part of ρ with no legs along ϑ2, implying that f2 = 0
leading to a contradiction. Note that we did not need to use the fact that |F |2 = 0 to rule out
these geometries so we have in effect ruled out all solutions of the form AdS2 × S3 ×M6 with
flux on S3.
Finally we have to analyze backgrounds with only S2 factors (backgrounds with CP2 factors
will be covered as special cases as already mentioned). These backgrounds turn out to be
the most difficult to analyze especially AdS2 × S2 × S2 × S2 × T 3, AdS2 × S2 × S2 × T 5 and
AdS2 × S2 × T 7 which were for this reason not analyzed in [10]. In appendix C we show that
for these cases there is always a flat direction without flux and hence |F |2 = 0, therefore the
analysis in this section covers all such solutions.
We rule out solutions with four S2 factors as follows.9 The flux would take the form
F = fiν ∧ σi + 12fijσi ∧ σj , i, j = 1, . . . , 4 . (2.8)
We can assume, without loss of generality, that f1 6= 0. The condition F ∧ F = 0 then implies
the relations
f23 = −f2f13 + f3f12
f1
, f24 = −f2f14 + f4f12
f1
, f34 = −f3f14 + f4f13
f1
,
f2f3f14 + f2f4f13 + f3f4f12 = 0 , f3f12f14 + f4f12f13 + f2f13f14 = 0 . (2.9)
Assume that f2 = 0. Since all non-flat directions must have flux on them we find that f3 = f4 = 0
and f23 = f24 = f34 = 0 but then the curvature of the first S
2 is proportional to |F |2 which
vanishes giving a contradiction. Therefore f2, f3, f4 must be non-zero and we find
f14 = f4
(
f12
f2
+
f13
f3
)
, f2f3f12f13 + f
2
3 f
2
12 + f
2
2 f
2
13 = 0 . (2.10)
The only (real) solution to the last equation is f12 = f13 = 0 which, together with |F |2 =
0 implies that F = 0 giving a contradiction. Since the analysis for backgrounds involving
CP
2×CP2 and CP2×S2×S2 are special cases of the above analysis (with ω ∼ σ1+σ2) these
are also ruled out.
The same analysis, with σ1 or σ4 replaced by ϑ
12, applies to the case with three S2 factors (it
is not hard to show that this is the most general form of F ). In the first case it is now consistent
to take f2 = 0 giving the solution (where we renamed the f ’s)
AdS2 × S2 × S2 × S2 × T 2 × S1 , F = (f1ν + f2σ1 + f3σ2 + f4σ3) ∧ ϑ12 , (2.11)
where the condition |F |2 = 0 implies that f21 = f22 + f23 + f24 . In the second case we find a
solution with f4 = fi4 = 0 leading to (renaming the f ’s)
AdS2 × S2 × S2 × S2(H2)× T 3 ,
F = f1ν ∧ (σ1 + f2σ2 + f3σ3) + f4σ1 ∧ σ2 + f5σ1 ∧ σ3 − (f3f4 + f2f5)σ2 ∧ σ3 . (2.12)
9Again due to a mistake [10] lists such solutions.
9
The condition |F |2 = 0 implies the relation f21 (1 + f22 + f23 ) = f24 + f25 + (f2f5 + f3f4)2. The
curvatures of the three S2(H2)’s are proportional to f24+f
2
5−f21 , f21 (1+f23 )−f25 and f21 (1+f22 )−f24
and the sum of any two of these is positive so that at most one can be negative.
By taking f2 = f3 in the first of the above solutions (2.11) we find the most general solution
involving CP2 × S2 namely
AdS2 ×CP2 × S2 × T 2 × S1 , F = (f1ν + f2ω + f3σ) ∧ ϑ12 , (2.13)
with f21 = 2f
2
2 + f
2
3 to satisfy |F |2 = 0. At first sight it seems like we would get a different
solution by taking f2 = f3 and f4 = f5 in the second solution above (2.12), but in that case one
finds from the Einstein equations that the curvature of the S2 vanishes giving a contradiction.
Next we analyze backgrounds of the form AdS2 × S2 × S2 × T 5, which turns out to be the
most difficult ones. Without loss of generality the flux takes the form
F = f1ν ∧ σ1 + f2ν ∧ σ2 + ν ∧ (f3ϑ12 + f4ϑ34) + f5σ1 ∧ σ2 + σ1 ∧ α+ σ2 ∧ β + γ , (2.14)
with α, β ∈ Ω2(T 5) and γ ∈ Ω4(T 5). The Einstein equation in the 5-direction then implies that
there cannot be any flux on this direction so that α, β and γ only have legs on T 4 and we can
take γ = f6ϑ
1234. The trace of the Einstein equations in the torus directions and the condition
|F |2 = 0 imply, respectively,
2f23 + 2f
2
4 = 2|α|2 + 2|β|2 + 4f26 , f21 + f22 + f23 + f24 = f25 + |α|2 + |β|2 + f26 , (2.15)
which gives f25 = f
2
1 + f
2
2 + f
2
6 . Let us write α =
1
2fijϑ
ij and β = 12gijϑ
ij and note that the
freedom of rotation in the (12) and (34) planes allows us to set f14 = 0. The condition F ∧F = 0
then implies the relations
f1g12 + f2f12 + f3f5 = 0 , f1g13 + f2f13 = 0 , f1g14 = 0 , f1g23 + f2f23 = 0 ,
f1g24 + f2f24 = 0 , f1g34 + f2f34 + f4f5 = 0 , f1f6 + f3f34 + f4f12 = 0 ,
f2f6 + f3g34 + f4g12 = 0 , f5f6 + f12g34 − f13g24 + f23g14 − f24g13 + f34g12 = 0 , (2.16)
and the diagonal components of the Einstein equation in the flat directions imply
f23 = f
2
12 + f
2
13 + g
2
12 + g
2
13 + g
2
14 + f
2
6 , f
2
3 − f24 = f212 − f234 + g212 − g234 ,
f224 + g
2
24 = f
2
13 + g
2
13 , f
2
23 + g
2
23 = g
2
14 , (2.17)
while the off-diagonal components imply
fijfjk + gijgjk = 0 i 6= k . (2.18)
Let us first assume that f1 = f2 = 0. Since f3 and f4 cannot both vanish the conditions
f3f5 = f4f5 = 0 imply f5 = 0 which means that also f6 = 0. We must then have f3,4 6= 0 and
the F ∧ F = 0 conditions (2.16) imply
f34 = −f4f12
f3
, g34 = −f4g12
f3
,
2f4f12g12
f3
+ f13g24 − f23g14 + f24g13 = 0 . (2.19)
The torus Einstein equations (2.17) then imply, among others, the condition
(f212 + g
2
12 − f23 )(f23 − f24 ) = 0 . (2.20)
If the first factor vanishes we find from the remaining equations f13 = f23 = f24 = g13 = g14 =
g23 = g24 = 0 and f12g12 = 0 which implies that there is no flux on one S
2 giving a contradiction.
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Therefore the second factor must vanish so that f4 = f3 (up to an inconsequential sign) and we
get f34 = −f12 and g34 = −g12 together with the conditions
f23 = f
2
12 + f
2
13 + g
2
12 + g
2
13 + g
2
14 , f
2
24 + g
2
24 = f
2
13 + g
2
13 ,
g214 = f
2
23 + g
2
23 , 2f12g12 + f13g24 − f23g14 + f24g13 = 0 ,
f23(f13 − f24) + (g13 − g24)(g23 − g14) = 0 , f12f23 + g12(g14 + g23) = 0 ,
f12(f13 − f24) + g12(g13 − g24) = 0 , f23f24 + g13g14 + g23g24 = 0 . (2.21)
With some work one can show that there is no solution unless f23 = 0. In that case there are 6
solutions (recall that f14 = 0)
(i) g12 = g34 = 0 , f24 = f13 , g23 = g14 , g24 = −g13 , (2.22)
(ii) f12 = f34 = g12 = g34 = g13 = g24 = 0 , f24 = −f13 , g23 = g14 , (2.23)
(iii) f12 = f34 = 0 , f24 = −f13 , g23 = −g14 , g24 = g13 , (2.24)
(iv) f12 = f34 = g13 = g24 = 0 , f24 = f13 , g23 = −g14 , (2.25)
(v) f24 = f13 , g12 = −f13g13/f12 , g23 = −g14 , g24 = g13 , (2.26)
(vi) f12 = f34 = g14 = g23 = 0 , f24 = f13 , g24 = −g13 , (2.27)
with f23 = f
2
12 + f
2
13 + g
2
12 + g
2
13 + g
2
14. This leads to the solutions
AdS2 × S2 × S2 × T 4 × S1 , F =f3ν ∧ ω+ + σ1 ∧ (f12ω− + f13ReΩ−)
+ σ2 ∧ (g13ReΩ+ + g14ImΩ+) , (2.28)
with f23 = f
2
12 + f
2
13 + g
2
13 + g
2
14,
AdS2 × S2 × S2 × T 4 × S1 , F =f3ν ∧ ω+ + f13σ1 ∧ ReΩ+ + g14σ2 ∧ ImΩ+ , (2.29)
with f23 = f
2
13 + g
2
14,
AdS2 × S2 × S2 × T 4 × S1 , F =f3ν ∧ ω+ + f13σ1 ∧ ReΩ+
+ σ2 ∧
(
g12ω− + g13ReΩ− − g14ImΩ−
)
, (2.30)
with f23 = f
2
13 + g
2
12 + g
2
13 + g
2
14,
AdS2 × S2 × S2 × T 4 × S1 , F = f3ν ∧ ω+ + f13σ1 ∧ ReΩ− + σ2 ∧ (g12ω− − g14ImΩ−) ,
(2.31)
with f23 = f
2
13 + g
2
12 + g
2
14, (redefining the coefficients slightly)
AdS2 × S2 × S2 × T 4 × S1 , F =f3ν ∧ ω+ + f12σ1 ∧ (ω− + f13ReΩ−)
+ σ2 ∧ (f13g13ω− − g13ReΩ− − g14ImΩ−) , (2.32)
with f23 = (f
2
12 + g
2
13)(1 + f
2
13) + g
2
14 and
AdS2 × S2 × S2 × T 4 × S1 , F = f3ν ∧ ω+ + f13σ1 ∧ ReΩ− + σ2 ∧ (g12ω− + g13ReΩ+) ,
(2.33)
with f23 = f
2
13 + g
2
12 + g
2
13.
It remains to analyze the case f1 6= 0 say. We find from (2.16), (2.17) and (2.18)
g12 = −f3f5 + f2f12
f1
, g13 = −f2f13
f1
, g14 = g23 = f23 = 0 , g24 = −f2f24
f1
,
g34 = −f4f5 + f2f34
f1
, f24 = ±f13 , f1f6 + f3f34 + f4f12 = 0 , f1f2f6 − f3f4f5 = 0 ,
f1f5f6 − f2f12f34 ± f2f213 = 0 , (2.34)
11
together with
f23 =
(
1 +
f22
f21
)
(f212 + f
2
13) +
2f2f3f5f12
f21
+
f23 f
2
5
f21
+ f26 , f
2
5 = f
2
1 + f
2
2 + f
2
6 ,
f23 − f24 = f212 − f234 +
(f3f5 + f2f12)
2
f21
− (f4f5 + f2f34)
2
f21
,
f13[(f
2
1 + f
2
2 )(f12 ± f34) + f2f5(f3 ± f4)] = 0 . (2.35)
Assuming f2 6= 0 we get f6 = f3f4f5/f1f2 and f25 = (f21 + f22 )f21 f22/(f21 f22 − f23 f24 ) and defining
fij = f5f
′
ij/
√
f21 + f
2
2 , f3 = f
′
3
√
f21 + f
2
2 and f4 = f
′
4
√
f21 + f
2
2 the first equation above can be
written as the vanishing of a sum of squares
f22 (f
′
12 + f2f
′
3)
2 + f22f
′2
13 + (1 + f
′2
3 )(f
2
1 + f
2
2 )
2f ′23 f
′2
4 = 0 , (2.36)
which forces
f3f4 = f13 = 0 , f12 = − f2f3f5
f21 + f
2
2
. (2.37)
The remaining equations then give (we take f4 = 0 without loss of generality)
f12 = −f2f3
f5
, g12 = −f1f3
f5
, f25 = f
2
1 + f
2
2 , (2.38)
and the rest vanishing and we get the solution
AdS2 × S2 × S2 × T 2 × T 3 , F = ν∧(f1σ1+f2σ2+f3ϑ12)+f5σ1∧σ2− f3
f5
(f2σ1+f1σ2)∧ϑ12 ,
(2.39)
with f5 =
√
f21 + f
2
2 . The curvatures of the spheres are proportional to f
2
2 (1 + f
2
3 /f
2
5 ) and
f21 (1 + f
2
3 /f
2
5 ) respectively. This solution can be obtained from that in (2.12) by setting the
curvature of one of the spheres to zero. By analyzing separately the case f2 = 0 we find that it
is a special case of the above solution, which is however ruled out as the curvature of one of the
spheres vanishes.
By considering special cases of the analysis above we obtain the following solution with a
CP
2 factor
AdS2 ×CP2 × T 2 × T 3 , F = ν ∧ (f1ω + f2ϑ12) + 1√2ω ∧ (f1ω − f2ϑ
12) . (2.40)
Finally, for AdS2 × S2 × T 7 the flux takes the form
F = f1ν ∧ σ + ν ∧ (f2ϑ12 + f3ϑ34 + f4ϑ56) + σ ∧ α+ β , (2.41)
with α ∈ Ω2(T 7) and β ∈ Ω4(T 7). The Einstein equation in the seventh torus direction implies
that α and β only have legs on T 6, i.e. there is no flux on the seventh torus direction. The trace
of the Einstein equation in the torus directions and the fact that |F |2 = 0 imply, respectively,
2f22 + 2f
2
3 + 2f
2
4 = 2|α|2 + 4|β|2 , f21 + f22 + f23 + f24 = |α|2 + |β|2 , (2.42)
which implies f1 = 0 and β = 0. Without loss of generality we can take f2 6= 0. The condition
F ∧ F = 0 then implies, setting α = 12fijϑij with f14 = 0, that
f35 = f36 = f45 = f46 = 0 , f34 = −f3f12
f2
, f56 = −f4f12
f2
, f3f4f12 = 0 ,
f3f15 = f3f16 = f3f25 = f3f26 = 0 , f4f13 = f4f23 = f4f24 = 0 . (2.43)
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If f3 and f4 are both non-vanishing we find that α = 0 but then the Einstein equation in the
torus directions cannot be satisfied. Therefore, without loss of generality, we take f4 = 0 and
then the Einstein equation in the torus directions force fi5 = fi6 = 0 as well as
f22 = f
2
12 + f
2
13 = f
2
12 + f
2
23 + f
2
24 , f
2
3 = f
2
13 + f
2
23 + f
2
34 = f
2
24 + f
2
34 , (2.44)
and
fijfjk = 0 i 6= k , (2.45)
which implies
f24 = ±f13 , f23 = 0 , f22 = f212 + f213 , (f23 − f22 )f213 = 0 , f13(f12 ± f34) = 0 .
(2.46)
We get three solutions
AdS2 × S2 × T 4 × T 3 , F = ν∧(f2(ω++ω−)+f3(ω+−ω−))+σ∧(f2(ω++ω−)−f3(ω+−ω−)) ,
(2.47)
which can be obtained by setting f2 = 0 in the solution (2.39),
AdS2 × S2 × T 4 × T 3 , F = f2ν ∧ ω+ + f12σ ∧ ω− + f13σ ∧ ReΩ− , (2.48)
with f22 = f
2
12 + f
2
13 and
AdS2 × S2 × T 4 × T 3 , F = f2ν ∧ ω+ + f2σ ∧ ReΩ+ . (2.49)
The last two solutions can be obtained by setting the flux on one S2 to zero in the solutions
(2.28)–(2.30).
2.2 Solutions with |F |2 6= 0: only AdS without flux
As already mentioned it will be convenient to split the solutions with |F |2 6= 0 into three classes:
(i) those with flux on all except the AdS directions, (ii) those with flux on all directions except
for a single indecomposable Riemannian factor and (iii) the rest. Here we analyze the first class.
Note that since |F |2 6= 0 the Einstein equation, (2.1), implies that all flat directions must
have flux on them.
AdS7 solutions
The possible geometries are
AdS7 × S4 , AdS7 ×CP2 , AdS7 × S2 × S2 . (2.50)
Examples with flat directions, such as S3 × S1, are ruled out by the Einstein equation.
AdS6 solutions
The only possibility for putting the F flux on the five remaining directions is if they are of the
form S3 × T 2 or S2 × T 3. However, by a rotation one can get rid of the flux on one of the flat
directions giving a contradiction.
13
AdS5 solutions
We clearly have the possibility of a six-dimensional irreducible factor
AdS5 ×CP3 , AdS5 ×G+
R
(2, 5) , F = fω ∧ ω . (2.51)
We cannot have an S4 factor since we can not put flux on the remaining two directions. The
case of CP2 will be treated as a special case of the analysis for S2×S2. Backgrounds involving
S3 are easily seen to be ruled out since it is not possible to put flux on all except the AdS5
directions.
This leaves geometries with S2 factors and flat directions and we find the possibilities
AdS5 × S2 × S2 × S2(H2) , AdS5 × S2 × S2 × T 2 , F = f1σ1 ∧σ2+ f2σ1 ∧ ρ+ f3σ2 ∧ ρ ,
(2.52)
where ρ is either σ3 or ϑ
12. The curvatures of the two-dimensional factors are proportional to
2f21 + 2f
2
2 − f33 , 2f21 − f22 + 2f33 and −f21 + 2f22 + 2f33 and the sum of any two is positive. The
T 2 case has f21 = 2f
2
2 + 2f
2
3 . The case S
2 × T 4 is clearly ruled out.
A special case of the above analysis gives the solutions involving a CP2 factor10
AdS5 ×CP2 × S2(H2) , AdS5 ×CP2 × T 2 , F = 12f1ω ∧ ω + f2ω ∧ ρ , (2.53)
with ρ either σ or ϑ12. The CP2 curvature is proportional to 2f21 + f
2
2 while that of the two-
dimensional factor is proportional to 4f22 − f21 leading to S2 when this is positive, H2 when it’s
negative and T 2 when f21 = 4f
2
2 .
AdS4 solutions
The only irreducible seven-dimensional factor is S7 which is clearly ruled out. Similarly any
six-dimensional factor times S1 is ruled out since there is no way to put flux on all directions.
The same is true for five-dimensional factors as well as S4. For the same reason also CP2 is ruled
out. For spaces involving S3 factors such as S3×S3×S1 with flux F = (f1σ1+f2σ2)∧ϑ1 it is not
possible to satisfy the Einstein equation in the flat direction. The same is true for S3×S2× T 2
and S3 × T 4. This leaves backgrounds with only S2 factors and flat directions. With three
S2 factors it is not possible to put flux on the remaining flat direction. For S2 × S2 × T 3
we have F = f1σ1 ∧ σ2 + f2σ1 ∧ ϑ12 + σ2 ∧ (f3ϑ12 + f4ϑ13) but the Einstein equation in the
flat directions forces f4 = 0 leaving no flux on the third flat direction. For S
2 × T 5 we have
F = σ∧ (f1ϑ12+ f2ϑ34)+α with α ∈ Ω4(T 5). Without loss of generality we have either ∗α = ϑ1
or ∗α = ϑ5 but the latter case is ruled out since the fifth torus direction would not have flux.
We must therefore have F = σ ∧ (f1ϑ12 + f2ϑ34) + f3ϑ2345 but the Einstein equation in the
(12)-directions force f3 = 0 giving again no flux on the 5-direction.
AdS3 solutions
With eight-dimensional irreducible factors such as CP4 it is not possible to satisfy F ∧ F = 0.
With a six-dimensional factor we can have CP3 × T 2 or CP3 × S2 with F = fω ∧ ρ or the
same with G+
R
(2, 5) instead of CP3. However the Einstein equation forces the six-dimensional
factor to be Ricci-flat giving a contradiction. For geometries with an S4 factor F ∧F = 0 cannot
be satisfied. Again CP2 can be treated as a special case of geometries with S2 factors. The
10Only the f2 = 0 case appears in [10].
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geometry S3×S3×T 2 is ruled out since it cannot have flux on all directions while S3×S2×S2×S1
is ruled out since F ∧F = 0 cannot be satisfied. Similarly S3×S2×T 3 always has a flat direction
without flux and so is also ruled out. For S3 × T 5 we must have F = f1σ ∧ ϑ1 + f2ϑ1 ∧ α with
α ∈ Ω3(T 4) but we can take ∗α = ϑ5 without loss of generality and then there is no flux on the
5-direction giving again a contradiction.
This leaves geometries with S2 factors and flat directions (recall that CP2 is treated as a
special of these). First we have the possibilities with three or four S2 factors
AdS3 × S2 × S2 × S2(H2)× S2(H2) , AdS3 × S2 × S2 × S2(H2)× T 2 ,
F = fijσi ∧ σj , with f12f34 + f13f24 + f14f23 = 0 , (2.54)
where σ4 is either the volume form of the last S
2 or ϑ12. The curvature of the first two-
dimensional factor is proportional to 2f212+2f
2
13+2f
2
14− f223− f224− f234 and the remaining ones
are obtained by 1↔ 2 etc. with the last one vanishing in the T 2 case. The sum of any three is
positive which gives the above possibilities.
For AdS3 × S2 × S2 × T 4 the flux takes the form
F = f1σ1 ∧ σ2 + σ1 ∧ (f2ϑ12 + f3ϑ34) + 12fijσ2 ∧ ϑij + f4ϑ1234 , (2.55)
where we take, without loss of generality, f14 = 0. The condition F ∧ F = 0 implies f1f4 +
f2f34 + f3f12 = 0 and the Einstein equation in the torus directions implies f23 = 0 and
f24 = ±f13 , f22 = f23−f212+f234 , f21 = f23+2f24+f213+f234 , f13(f12±f34) = 0 . (2.56)
We find the following three solutions
(i) f13 = f24 = 0 , f
2
1 =
1
2
(
f23 + f
2
34 +
√
(f23 + f
2
34)
2 + 8(f2f34 + f3f12)2
)
,
f22 = f
2
3 − f212 + f234 , f4 = −(f2f34 + f3f12)/f1 , (2.57)
(ii) f4 = 0 , f24 = f13 , f34 = −f12 , f3 = f2 , f21 = f22 + f213 + f212 (2.58)
(iii) f24 = −f13 , f34 = f12 , f3 = f2 , f4 = −2f2f12/f1 ,
f21 =
1
2
(
f22 + f
2
13 + f
2
12 +
√
(f22 + f
2
13 + f
2
12)
2 + 32f22 f
2
12
)
. (2.59)
The first solution gives
AdS3 × S2 × S2 × T 4 , F =2f1σ1 ∧ σ2 + σ1 ∧ (f2(ω+ + ω−) + f3(ω+ − ω−))
+ σ2 ∧ (f12(ω+ + ω−) + f34(ω+ − ω−)) + f4ω+ ∧ ω+ , (2.60)
with f21 =
1
2
(
f23 + f
2
34 +
√
(f23 + f
2
34)
2 + 8(f2f34 + f3f12)2
)
, f22 = f
2
3 − f212 + f234 and f4 =
−(f2f34 + f3f12)/f1. The curvatures of the two S2’s are proportional to f22 + f23 + f24 and
f24 + f
2
12 + f
2
34 respectively. The second solution gives
AdS3 × S2 × S2 × T 4 , F = f1σ1 ∧ σ2 + f2σ1 ∧ ω+ + σ2 ∧ (f12ω− + f13ReΩ−) , (2.61)
with f21 = f
2
2 + f
2
13 + f
2
12. The curvatures of the two S
2’s are proportional to f22 and f
2
12 + f
2
13
respectively. Finally the third solution gives
AdS3 × S2 × S2 × T 4 , F =f1σ1 ∧ σ2 + f2σ1 ∧ ω+ + σ2 ∧ (f12ω+ + f13ReΩ+)
− f2f12
f1
ω+ ∧ ω+ , (2.62)
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with f21 =
1
2
(
f22 + f
2
13 + f
2
12 +
√
(f22 + f
2
13 + f
2
12)
2 + 32f22 f
2
12
)
. The curvatures of the two S2’s
are proportional to 2f22 (1 + 2f
2
12/f
2
1 ) and 2f
2
12(1 + 2f
2
2 /f
2
1 ) + 2f
2
13 respectively.
Solutions with CP2 factors are obtained as special cases of the above analysis. With two
CP
2 factors we find the solutions11
AdS3 ×CP2 ×CP2(CH2) , F = 12f21ω21 + 1√2f1f4ω1 ∧ ω2 −
1
2f
2
4ω
2
2 , (2.63)
where the curvatures of the four-dimensional factors are proportional to (f21 + f
2
4 )
2 + f41 − 2f44
and (f21 + f
2
4 )
2 + f44 − 2f41 , respectively, so that at most one can have negative curvature. With
one CP2 factor we find the solutions
AdS3 ×CP2 × S2(H2)× S2(H2) , AdS3 ×CH2 × S2 × S2 ,
F = 12f1ω
2 + f2ω ∧ σ1 + f3ω ∧ σ2 + f4σ1 ∧ σ2 , f1f4 + 2f2f3 = 0 . (2.64)
The curvature of CP2 is proportional to 2f21 + f
2
2 + f
3
3 − f24 while those of the two-dimensional
factors are proportional to −f21 +4f22 − 2f23 +2f24 and −f21 − 2f22 +4f23 +2f24 respectively. The
sum is positive and if the first is negative the latter two are positive definite giving the solutions
listed above. With some directions flat we find the solutions
AdS3 ×CP2 × S2(H2)× T 2 , AdS3 ×CP2 × T 4 , F = 12f1ω∧(ω−ϑ12)+f2σ∧(ω+ϑ12) ,
(2.65)
which are special cases of the above solutions. In the T 4 case we take σ = ϑ34 and f2 = −12f1.
Finally for AdS3 × S2 × T 6 the flux takes the form F = σ ∧ α + β with α ∈ Ω2(T 6) and
β ∈ Ω4(T 6). The trace of the Einstein equation in the torus directions implies
0 = |α|2 + 2|β|2 − |F |2 = |β|2 , (2.66)
so that β vanishes. Taking α = f1ϑ
12+ f2ϑ
34+ f3ϑ
56 the Einstein equation implies f1 = f2 = f3
(up to irrelevant signs) and we find the solution
AdS3 × S2 × T 6 , F = fσ ∧ ω . (2.67)
This solution can be obtained by setting f2 = 0 in (2.62).
AdS2 solutions
With a nine-dimensional irreducible factor we get the solution
AdS2 × SLAG4 , F = fΩ . (2.68)
The only eight-dimensional irreducible factor with an invariant 3-form is SU(3) so we can have
flux on SU(3) × S1 of the form F = fΩ ∧ ϑ1 but the Einstein equation in the flat direction
forces |F |2 = 0 ruling this case out. With a six-dimensional irreducible factor it is not possible
to put flux on the remaining three directions. There are no suitable five-dimensional irreducible
spaces and S4 is ruled out by F ∧ F = 0. CP2 is ruled out as a special case of the analysis for
S2 factors. Solutions with S3 factors are ruled out by the same analysis as in the |F |2 = 0 case
since we did not use the condition |F |2 = 0 there. Finally, backgrounds with only S2 factors
and flat directions can’t have flux on all flat directions as we prove in appendix C.
11These were missed in [10].
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2.3 Solutions with |F |2 6= 0: single Riemannian factor without flux
Here we consider solutions with |F |2 6= 0 and where precisely one indecomposable Riemannian
factor is without flux.
AdS4 solutions
Since the flux involves a term proportional to the volume form on AdS4 the only way to satisfy
F ∧ F = 0 is to have no flux on the remaining directions which must then form an S7
AdS4 × S7 F = fν . (2.69)
AdS3 solutions
As seen in sec. 2.1 solutions with flux on AdS3 must have |F |2 = 0.
AdS2 solutions
With an seven-dimensional factor without flux we have the solution
AdS2 ×H2 × S7 , F = fν ∧ σ . (2.70)
From the Einstein equation the curvatures are − f23 , − f
2
3 and
f2
6 respectively. The next possi-
bility is a five-dimensional factor without flux. We find
AdS2 × S2(H2)× S2(H2)× SLAG3 , AdS2 × S2 × S2 × SL(3,R)/SO(3) ,
AdS2 × S2(H2)× S2(H2)× S5 , AdS2 × S2 × S2 ×H5 ,
F = f1ν ∧ σ1 + f2ν ∧ σ2 + f3σ1 ∧ σ2 , (2.71)
where SL(3,R)/SO(3) is the non-compact version of SLAG3. From the Einstein equation the
curvatures are 16 times, respectively, −2f21 − 2f22 − f23 , −2f21 + f22 + 2f23 , f21 − 2f22 + 2f23 and
f21 + f
2
2 − f23 . The sum of last three is non-negative and if the last one is negative the other
two are positive giving the possibilities listed. When one of the curvatures vanish we get the
solutions
AdS2 × S2(H2)× T 2 × S5 , AdS2 × S2(H2)× T 2 × SLAG3 ,
F = f1ν ∧ σ + f2ν ∧ ϑ12 + f3σ ∧ ϑ12 , f22 = 12f21 + f23 , (2.72)
with curvatures −14f21 − 12f22 , −12f21 + 12f22 and 14f21 respectively. And when the curvature of two
factors vanish we find
AdS2 × T 4 × S5 , AdS2 × T 4 × SLAG3 , F = fν ∧ ω+ + 12√2fω+ ∧ ω+ , (2.73)
with curvatures −34f2 and 14f2. It it easy to see that this gives the most general solution of this
form. Another special case of this analysis gives the solutions
AdS2 ×CP2(CH2) × SLAG3 , AdS2 ×CP2 × SL(3,R)/SO(3) ,
AdS2 ×CP2(CH2) × S5 , AdS2 ×CP2 ×H5 , F = f1ν ∧ ω + 12f2ω2 . (2.74)
The curvatures are (16 times) −4f21 − f22 , −f21 + 2f22 and 2f21 − f22 .
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With a four-dimensional factor without flux it is not possible to put flux on all the remaining
directions (in non-trivial examples this follows as a special case of the analysis in appendix C).
Next we consider the case of an S3 factor without flux. With an irreducible six-dimensional
manifold such as CP3 or G+
R
(2, 5) the flux takes the form F = f1ν ∧ ω + f2ω2 but F ∧ F = 0
forces f2 = 0 and then the curvature of the six-manifold vanishes giving a contradiction. With
flux on an S4 factor it is not possible to satisfy F ∧ F = 0. The CP2 case is treated below. We
can have at most one S3 factor with flux but it is not possible to satisfy F ∧ F = 0 and have
flux on all remaining directions.
This leaves only S2 factors and flat directions with flux. With S2 × S2 × S2 we find the
solutions
AdS2 × S2 × S2(H2)× S2(H2)× S3 , AdS2 × S2 × S2 × S2(H2) ×H3 , (2.75)
F = f1(ν ∧ σ1 + f2ν ∧ σ2 + f3ν ∧ σ3) + f4σ1 ∧ σ2 + f5σ1 ∧ σ3 − (f2f5 + f3f4)σ2 ∧ σ3 .
The curvatures are proportional to −2f21 (1 + f22 + f23 )− f24 − f25 − (f2f5 + f3f4)2, f21 (−2 + f22 +
f23 ) + 2f
2
4 + 2f
2
5 − (f2f5 + f3f4)2, f21 (1 − 2f22 + f23 ) + 2f24 − f25 + 2(f2f5 + f3f4)2, f21 (1 + f22 −
2f23 )− f24 + 2f25 + 2(f2f5 + f3f4)2 and f21 (1 + f22 + f23 )− f24 − f25 − (f2f5 + f3f4)2, respectively.
The sum of any three of the last four is non-negative giving the possibilities listed. The special
case with one curvature vanishing gives
AdS2 × S2 × S2(H2)× T 2 × S3 , AdS2 × S2 × S2 × T 2 ×H3 ,
F = f1(ν ∧ σ1 + f2ν ∧ σ2 + f3ν ∧ ϑ12) + f4σ1 ∧ σ2 + f5σ1 ∧ ϑ12 − (f2f5 + f3f4)σ2 ∧ ϑ12 ,
f2 =
(
− 2f3f4f5 ±
√
(f21 (1− 2f23 ) + 2f25 )(f24 − f21 − 2f25 )
)
/(f21 + 2f
2
5 ) . (2.76)
The curvatures are proportional to −f21 (1+f22 )−f25 − (f2f5+f3f4)2, f21 (f22 −f23 )+2f25 +(f2f5+
f3f4)
2, f21 (1− f23 ) + f25 +2(f2f5+ f3f4)2 and f21f23 − f25 − (f2f5+ f3f4)2. In the limit where the
curvature of the S3 factor goes to zero we obtain the solutions in (2.12) and (2.39).
A special case of the above analysis gives the solutions with CP2 factors
AdS2 ×CP2 × S2(H2) × S3(H3) , AdS2 ×CH2 × S2 × S3 ,
F = f1ν ∧ σ + f2ν ∧ ω + f3σ ∧ ω + f4ω2 , f1f4 + f2f3 = 0 . (2.77)
The curvatures are proportional to −2(f21 + 2f22 + f23 + 2f24 ), f21 − f22 + f23 + 8f24 , −2(f21 − f22 −
2f23 +2f
2
4 ) and f
2
1 +2f
2
2 −2f23 −4f24 , respectively. Analyzing the possible signs of the curvatures
we find the possibilities listed above. When the curvature of the S3 vanishes we obtain the
solution (2.40). When the curvature of the S2(H2) vanishes we get the solution
AdS2 ×CP2 × T 2 × S3(H3) , F = f1ν ∧ ϑ12 + f1ν ∧ ω + f3ϑ12 ∧ ω − f3ω2 . (2.78)
The curvatures are proportional to −6(f21 + f23 ), 9f23 , and 3(f21 − 2f23 ).
In the case where the flux is on AdS2 × S2 × T 4 the flux takes the form F = f1ν ∧ σ + ν ∧
(f2ϑ
12+ f3ϑ
34)+ 12fijσ∧ϑij+ f4ϑ1234 where we can take f14 = 0 without loss of generality. The
condition F ∧ F = 0 leads to f1f4 + f2f34 + f3f12 = 0 while the Einstein equation in the torus
directions leads to f23 = 0, f24 = ±f13 and
f13(f12 ± f34) = 0 , f22 = f21 + 2f24 + f212 + f213 , f23 = f21 + 2f24 + f213 + f234 . (2.79)
It is easy to see that f2 6= 0 since otherwise we cannot have flux on all torus directions. We find
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the following five solutions
(i) f24 = f13 = 0 , f34 = −f1f4/f2 − f3f12/f2 , f22 = f21 + 2f24 + f212 ,
f3 =
(
f1f4f12 ± f2
√
(f21 + 2f
2
4 )
2 + f21 f
2
4
)
/(f21 + 2f
2
4 )
(ii) f24 = f13 = 0 , f12 = f2 , f34 = −f3 , f1 = f4 = 0
(iii) f24 = f13 , f34 = −f12 , f3 = f2 , f1 = 0 , f22 = 2f24 + f212 + f213
(iv) f24 = f13 , f34 = −f12 , f3 = f2 , f4 = 0 , f22 = f21 + f212 + f213
(v) f24 = −f13 , f34 = f12 = −f1f4/2f2 , f3 = f2 ,
f22 =
1
2(f
2
1 + 2f
2
4 + f
2
13) +
1
2
√
(f21 + 2f
2
4 + f
2
13)
2 + f21 f
2
4 . (2.80)
Case (ii) is ruled out since it has |F |2 = 0 and we have the following solutions.
AdS2 × S2 × T 4 × S3 , F =2f1ν ∧ σ + ν ∧ (f2(ω+ + ω−) + f3(ω+ − ω−))
+ σ ∧ (f12(ω+ + ω−) + f34(ω+ − ω−)) + f4ω+ ∧ ω+ , (2.81)
with f34 = −(f1f4 + f3f12)/f2, f3 =
(
f1f4f12 ± f2
√
(f21 + 2f
2
4 )
2 + f21f
2
4
)
/(f21 + 2f
2
4 ) and f
2
2 =
f21 + 2f
2
4 + f
2
12. The Ricci tensors are proportional to −(2f21 + 3f24 + f212 + f234), f24 + f212 + f234
and f21 + f
2
4 respectively. In the limit f1, f4 → 0 the curvature of the S3 factor goes to zero and
we obtain the AdS2 × S2 × T 7 solution in (2.47).
AdS2 × S2 × T 4 × S3 , F = f2ν ∧ ω+ + σ ∧ (f12ω− + f13ReΩ−) + 12f4ω+ ∧ ω+ , (2.82)
with f22 = 2f
2
4 + f
2
12 + f
2
13. The Ricci tensors are proportional to −(3f24 + 2f212 + 2f213), f24 +
2f212 + 2f
2
13 and f
2
4 respectively. In the limit f4 → 0 the curvature of the S3 factor goes to zero
and we obtain the AdS2 × S2 × T 7 solution in (2.48).
AdS2 × S2 × T 4 × S3 , F = f1ν ∧ σ + f2ν ∧ ω+ + σ ∧ (f12ω− + f13ReΩ−) , (2.83)
with f22 = f
2
1 + f
2
12 + f
2
13. The Ricci tensors are proportional to −f21 − f212 − f213, f212 + f213 and
f21 respectively. In the limit f1 → 0 the curvature of the S3 factor goes to zero and we obtain
the AdS2 × S2 × T 7 solution in (2.48).
AdS2 × S2 × T 4 × S3 , F = f1ν∧σ+f2ν∧ω++σ∧(f12ω++f13ReΩ+)+ 12f4ω+∧ω+ , (2.84)
with f12 = −f1f4/2f2 and f22 = 12
(
f21 + 2f
2
4 + f
2
13 +
√
(f21 + 2f
2
4 + f
2
13)
2 + f21 f
2
4
)
. The Ricci
tensors are proportional to −(2f21+3f24+2f212+2f213), f24+2f212+2f213 and f21+f24 respectively. In
the limit f1, f4 → 0 the curvature of the S3 factor goes to zero and we obtain the AdS2×S2×T 7
solution in (2.49).
With flux on AdS2 × T 6 we have F = ν ∧ α + β for α ∈ Ω2(T 6) and β ∈ Ω4(T 6). Taking
the trace of the Einstein equation in the torus directions we find |β|2 = 0 so that β = 0. Taking
α = f1ϑ
12 + f2ϑ
34 + f3ϑ
56 the Einstein equation in the torus directions forces f3 = f2 = f1 (up
to irrelevant signs) and we find the solution
AdS2 × T 6 × S3 , F = f1ν ∧ ω , (2.85)
where the curvatures are proportional to −f21 and 12f21 respectively.
It remains to analyze backgrounds with an S2 factor without flux. With an irreducible six-
dimensional factor it is not possible to put flux on all directions. We can therefore only have S3
or S2 factors (or CP2 which we treat as a special case of S2×S2). We can at most have one S3
factor. Taking S3 × S2 × T 2 it is easy to see that the Einstein equation in the torus directions
cannot be satisfied. The same is true for S3×T 4. This leaves only backgrounds with S2 factors
(or CP2 factors) and flat directions but these are ruled out by the analysis in appendix C.
19
2.4 Solutions with |F |2 6= 0: remaining cases
Let us first note that it is not possible to have flux on all directions. It is clear that this is
impossible for AdSn solutions with n > 3. For n = 3 it follows from the analysis in sec. 2.1
while for n = 2 it follows from appendix C. Therefore the remaining solutions must have at least
two indecomposable Riemannian factors without flux.
We will not include here solutions which are special cases of ones already constructed where
parameters can be chosen so that the flux is on fewer directions but the geometry remains
unchanged, e.g. AdS5 × S2 × S2 ×H2 obtained by setting f2 = f3 = 0 in (2.52).
All AdS7 solutions are already accounted for. There can not be any additional AdS6 solutions
either since a flat direction without flux implies |F |2 = 0.
AdS5 solutions
Since there is no flux on the AdS part we have |F |2 > 0 so that the remaining directions without
flux must form a space of negative curvature. Ignoring special cases of previous solutions the
only possibility is
AdS5 × S4 ×H2 . (2.86)
Spaces involving flat directions, e.g. S3×S1 or S2×T 2, are ruled out by the Einstein equation.
AdS4 solutions
If there is no flux on AdS we again have the solutions with flux on a four-dimensional Riemannian
space
AdS4 ×M4 ×H3 , M4 = S4, CP2, S2 × S2 . (2.87)
If there is flux on AdS there cannot be flux on the other directions because of F ∧ F = 0. This
gives the solutions
AdS4 × S5 × S2 , AdS4 × SLAG3 × S2 , AdS4 ×M4 × S3 . (2.88)
AdS3 solutions
As seen in sec. 2.1 solutions with flux on AdS3 must have |F |2 = 0. Therefore there cannot be
flux on AdS3 and we again have the solutions
AdS3 ×M4 ×H4 , M4 = S4, CP2, S2 × S2 , (2.89)
but now we can also replace H4 by CH2 or H2×H2 giving the solutions (recall that we are not
including special cases of previous solutions)
AdS3 × S4 ×CH2 , AdS3 × S4 ×H2 ×H2 . (2.90)
It is not possible to have flux on a five-dimensional space. With flux on six dimensions we have
the solutions
AdS3 ×CP3 ×H2 , AdS3 ×G+
R
(2, 5) ×H2 , F = fω ∧ ω . (2.91)
All remaining solutions are special cases of previous ones.
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AdS2 solutions
Let us first analyze the case without flux on AdS. We have again the solutions with flux on S4
(other four-dimensional spaces are special cases of more general backgrounds)
AdS2 × S4 ×H5 , AdS2 × S4 × SL(3,R)/SO(3) , AdS2 × S4 ×H3 ×H2 . (2.92)
The next possibility is to have flux on six directions and, just as in the AdS3 case, we find the
solutions
AdS2 ×CP3 ×H3 , AdS2 ×G+
R
(2, 5) ×H3 , F = fω ∧ ω . (2.93)
The rest are special cases of previous solutions. The case with flux on seven directions is ruled
out since the flux must take the form F = ρ∧ϑ1 for some three-form ρ but the Einstein equation
in the 1-direction forces |F |2 = 0.
For backgrounds with flux on AdS we have the solution
AdS2 ×H2 × S4 × S3 , F = fν ∧ σ . (2.94)
All remaining possibilities are either special cases of previous backgrounds or ruled out by the
analysis in appendix C.
3 Supersymmetry analysis
Having found all symmetric space solutions of eleven-dimensional supergravity we now turn to
the question of which ones preserve some supersymmetry. To do this we will analyze the inte-
grability condition for the Killing spinor equation which arises by requiring the supersymmetry
variation of the gravitino field strength to vanish or ξα∇αψβab|θ=0 = 0, where ξ is the Killing
spinor. Using the supergravity constraint (A.8) and restricting to the symmetric space case so
that all fields are constant this condition becomes
Uabξ = (2G[aGb] − 14RabcdΓcd)ξ = 0 , Ga = 18 /FΓa − 124Γa /F . (3.1)
It is convenient to split the tangent space index as a = (a˜, a) where a˜ runs over directions
without flux and a runs over directions with flux. The supersymmetry conditions Ua˜b˜ξ = 0,
Ua˜bξ = 0 and Uabξ = 0 then simplify by noting that [Γa˜, /F ] = 0 and they become
12
(
Γ
a˜b˜
/F
2 − 18R
a˜b˜
c˜d˜Γ
c˜d˜
)
ξ = 0 ,
(
3/F
2
Γb + 2/FΓb /F − Γb /F 2
)
ξ = 0 , (3.2)(
9/FΓ[a /FΓb] − 3/FΓab /F − 3Γ[a /F 2Γb] + Γ[a /FΓb] /F − 72RabcdΓcd
)
ξ = 0 . (3.3)
By contracting with gamma matrices and using the Einstein equation we can derive an extra
condition which is sometimes useful13
(
(10− n)/F 2 − 6|F |2)ξ = 0 . (3.4)
We will now analyze these equations for the symmetric space AdS solutions in tables 1–5. The
results are summarized in table 6. For the corresponding analysis for Cahen-Wallach (pp-wave)
solutions we refer to [21,22].
12The first two equations are of course not there if there is flux on all directions.
13Using the fact that /F
2
− |F |2 only has a Γ(4) piece and /FΓb /F − Γb|F |
2 + 2〈ibF, icF 〉Γ
c only has a Γ(5) piece
one can show that this is the only relation implied.
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The first condition in (3.2) implies that the part of the geometry without flux cannot be a
product of (non-flat) irreducible factors. This follows by noting that if we take a˜ and b˜ to belong
to different factors the curvature term drops out and we find /F
2
ξ = 0 but by the condition (3.4)
this can only happen if the part without flux is flat since otherwise |F |2 is non-zero. This simple
observation rules out supersymmetry for all the solutions found in sec. 2.4. The ones that remain
to analyze are those with either a single irreducible factor without flux or only flat directions
without flux. These are listed in table 8 according to the number of directions with flux n.14
Except for some special cases involving flux on T 4 or S3 indicated in boldface the flux takes a
very simple form: /F consists of a number of terms that all commute with each other and can
therefore be simultaneously diagonalized. This makes the supersymmetry analysis quite simple
and we will consider these backgrounds first before turning to the five special non-diagonalizable
cases indicated in boldface.
n Background number (from tables 1–5)
4 1, 2, 3, 11, 47
6 4, 5, 6, (7), 8, (9), 48, 49, 50, 51, (52, 53, 54, 55)
7 (21)
8 22, 23, (24, 25), 26, (27), 28, (29), 41, 42, (44, 45), 56, 57, (58, 59), 60, (61)
9 46
10 20, 37, 38, 39, 40, 43
Table 8: AdS backgrounds for which supersymmetry is not trivially ruled out organized according
to the number of directions with flux n. Those that can be treated as special cases of others in
the list are in parenthesis.
3.1 Diagonalizable /F
For all the backgrounds we need to analyze in table 8 except the ones in boldface the flux takes
the general form (for a suitable numbering of the coordinates)
/F = a1Γ
0123+a2Γ
0145+a3Γ
0167+a4Γ
0189+a5Γ
2345+a6Γ
2367+a7Γ
2389+a8Γ
4567+a9Γ
4589+a10Γ
6789 ,
(3.5)
where a1 , . . . , a10 are determined by the parameters entering F for the background in question.
As already mentioned the important point is that the matrices Γ0123, Γ0145, etc. all commute
and can therefore be simultaneously diagonalized. Their eigenvalues are respectively iǫ1, . . . , iǫ4,
ǫ5, . . . , ǫ10 where the ǫ’s are ±1. Since the matrices are not independent we have the following
relations between the eigenvalues
ǫ5 = −ǫ1ǫ2 , ǫ6 = −ǫ1ǫ3 , ǫ7 = −ǫ1ǫ4 , ǫ8 = −ǫ2ǫ3 , ǫ9 = −ǫ2ǫ4 , ǫ10 = −ǫ3ǫ4 . (3.6)
The first supersymmetry condition in (3.2) is not very constraining since it gives only one
equation for all a. The second equation however has n components, one for each value of b, and
turns out to be enough to either rule out supersymmetry or find the supersymmetric solution
uniquely in most cases. For a given choice of the free index b of the gamma matrix in this
14For some of these backgrounds one can adjust parameters so that the flux is on fewer directions. These
cases should in principle be analyzed separately. However, it is clear that the only thing that can happen
is that either one gets a solution with more than one non-flat irreducible factor without flux, in which case
supersymmetry is already ruled out, or one gets a solution with additional flat directions without flux, in which
case the supersymmetry conditions (3.2) and (3.3) remain unchanged. Therefore these special cases are already
covered by our analysis.
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equation /F splits up into a piece which commutes with Γb and a piece which anti-commutes
with it, /F = /F 1 + /F 2. In terms of these the corresponding equation takes the form
(2/F
2
1 − /F 1 /F 2 − 3/F 2 /F 1)ξ = 0 . (3.7)
For the cases considered here /F 1 and /F 2 commute so that the equation factorizes into
/F 1(/F 1 − 2/F 2)ξ = 0 . (3.8)
Let us start with the cases with flux on ten directions, n = 10 in table 8. The second supersym-
metry condition in (3.2) then gives five equations (the ten choices of b are paired)
(b5 + b6 + b7 + b8 + b9 + b10)
(
b5 + b6 + b7 + b8 + b9 + b10 − 2i(b1 + b2 + b3 + b4)
)
=0
(i(b2 + b3 + b4) + b8 + b9 + b10)
(
i(b2 + b3 + b4) + b8 + b9 + b10 − 2(ib1 + b5 + b6 + b7)
)
=0
(i(b1 + b3 + b4) + b6 + b7 + b10)
(
i(b1 + b3 + b4) + b6 + b7 + b10 − 2(ib2 + b5 + b8 + b9)
)
=0
(i(b1 + b2 + b4) + b5 + b7 + b9)
(
i(b1 + b2 + b4) + b5 + b7 + b9 − 2(ib3 + b6 + b8 + b10)
)
=0
(i(b1 + b2 + b3) + b5 + b6 + b8)
(
i(b1 + b2 + b3) + b5 + b6 + b8 − 2(ib4 + b7 + b9 + b10)
)
=0 ,
(3.9)
where we have absorbed the signs from the ǫ’s by defining bi = ǫiai. The first equation implies
b5 + b6 + b7 + b8 + b9 + b10 = 0. By looking at the most general form of the flux that appears
for the n = 10 backgrounds in table 8 we see that we can take b1 = b2 = b3 = b5 = b6 = b8 = 0.
The remaining equations then imply that b4 = 0 but from (3.5) we see that then there is no flux
on AdS in contradiction to our assumptions. This rules out all n = 10 backgrounds in 8 except
the ones in boldface.
Next we consider the backgrounds with flux on eight directions, n = 8 in table 8. The same
analysis applies except that looking at (3.5) we should either set a1 = a2 = a3 = a4 = 0 and
drop the first equation in (3.9), corresponding to no flux on AdS, or set a4 = a7 = a9 = a10 = 0
and drop the last equation in (3.9). In the first case there are four solutions
(i) b10 =
1
3(2b5 − b6 − b7) , b9 = 13(−b5 + 2b6 − b7) , b8 = 13(−b5 − b6 + 2b7) , (3.10)
(ii) b10 = 2b5 + b6 + b7 , b9 = −b5 − b7 , b8 = b5 + b6 + 2b7 , (3.11)
(iii) b10 = −b6 − b7 b9 = b5 + 2b6 + b7 , b8 = b5 + b6 + 2b7 , (3.12)
(iv) b10 = 2b5 + b6 + b7 , b9 = b5 + 2b6 + b7 , b8 = −b5 − b6 . (3.13)
These can be further reduced by considering the extra supersymmetry condition (3.4) which
reads
(b5 + b6 + b7 + b8 + b9 + b10)
2 − 3(b25 + b26 + b27 + b28 + b29 + b210) = 0 . (3.14)
Imposing this condition reduces the solutions to
(i) b10 = b9 = b8 = 0 , b7 = b6 = b5 (ii) b10 = b8 = b6 , b9 = b7 = b5 = 0
(iii) b10 = b7 = b6 = 0 , b9 = b8 = b5 (iv) b10 = b9 = b7 , b8 = b6 = b5 = 0 . (3.15)
In the second case, i.e. for backgrounds with flux on AdS, the only solution is
b1 = b2 = b3 , b4 = b5 = b6 = b7 = b8 = b9 = b10 = 0 . (3.16)
Comparing to the form of /F for the backgrounds with n = 8 in table 8 we find that background
22, (2.63), is ruled out while 23 and 26, (2.64) and (2.54), reduce to background 29, (2.67), which
will be treated below as a special case of background 28. Similarly backgrounds 41, (2.12), and
23
42, (2.40), are ruled out while 56 and 57, (2.77) and (2.75), are reduced to background 61 which
is treated below as a special case of background 60.
Next we have the backgrounds with flux on six directions, n = 6, in table 8. Looking at (3.5)
we should either set a1 = a2 = a3 = a4 = a7 = a9 = a10 = 0 and drop the first and last equation
in (3.9), corresponding to no flux on AdS, or set a3 = a4 = a6 = a7 = a8 = a9 = a10 = 0 and
drop the last two equations in (3.9). It is easy to see that in both cases there is no non-trivial
solution ruling out supersymmetry for all such backgrounds.
For backgrounds with flux on only four directions, i.e. n = 4 in table 8, we have /F
2
= |F |2
and {Γa, /F} = 0 and the first two supersymmetry conditions (3.2) are trivially satisfied. The
last condition (3.3) becomes (
2|F |2Γab + 9RabcdΓcd
)
ξ = 0 . (3.17)
This rules out backgrounds 2, 3 and 47 since the curvature does not have the right form.15 For
backgrounds 1 and 11 the curvature of S4(AdS4) is Rab
cd = −29 |F |2δ
c
[aδ
d
b] and the above equation
is satisfied for any ξ, i.e. the backgrounds are maximally supersymmetric. These are the well
known Freund-Rubin backgrounds preserving 32 supersymmetries.
3.2 Non-diagonalizable /F
It remains only to analyze the five backgrounds in boldface in table 8 which are more complicated
since /F cannot be completely diagonalized.
46. AdS2 × SLAG4
We can easily rule out supersymmetry for this solution. Using the explicit form of the invariant
four-form on SLAG4 given in appendix A.3 of [10] we find
/F =
|F |√
18
(√
2(Γ1249 − Γ1456 − Γ1478 − Γ2579 − Γ2689)− Γ1358 + Γ1367 + Γ2358 + Γ2367
− Γ3456 + Γ3478 + Γ3579 − Γ3689
)
. (3.18)
Squaring this expression, noting that the
√
2-term anti-commutes with the rest, one finds
/F
2
= |F |2 , (3.19)
but this is incompatible with the condition in (3.4) with n = 9 ruling out supersymmetry for
this background.
20. AdS3 × S3 × S3 × T 2
The flux is given by (2.6) and we find
/F = 2f1Γ
0129(1− P) , P = 1
2
(
1− f2
f1
Γ012345 − f3
f1
Γ012678
)
, f21 = f
2
2 + f
2
3 . (3.20)
15For background 2 we have used the fact that the CP2 curvature takes the form
Rab
cd =
1
9
|F |2[−2δc
[a
δd
b]
− 2ω[a
cωb]
d + ωabω
cd] ,
where ωab is the Ka¨hler form.
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Note that P is a (constant) projection operator projecting on a 16-dimensional subspace of the
32-dimensional space of spinors. Using the fact that the Riemann curvature takes the form
Rab
cd = c2δ
c
[aδ
d
b] where c = f
2
1 ,−f22 ,−f23 for AdS3 and the first and second S3 respectively it is
easy to verify that all the supersymmetry conditions (3.2) and (3.3) are satisfied provided that
the Killing spinor satisfies the projection condition Pξ = ξ. This background, and the special
case where the curvature of one S3 vanishes (f3 = 0, i.e. solution 21), therefore preserve 16
supersymmetries.
28. AdS3 × S2 × S2 × T 4
The flux takes the form (2.60)–(2.62) so that
/F = a1Γ
1234 + a2Γ
1256 + a3Γ
1278 + a4Γ
3456 + a5Γ
3478 + a6Γ
5678 + a7Γ
3457(1 +±Γ5678) , (3.21)
where a1 = f1 6= 0. If a7 = f13 = 0, which includes the first branch (2.60), /F is diagonalizable
and comparing to (3.5) the solution in (3.15) gives
b1 = b2 = b3 , (3.22)
(or the equivalent solution b1 = b4 = b5) and the rest vanishing, which reduces the background
to 29. This solution turns out to be a special case of the more general solution with a7 6= 0
which will be found below.
It therefore remains to analyze the two branches of solutions with f13 6= 0, (2.61) and (2.62),
i.e.
/F = a1Γ
1234 + a2Γ
1256(1− Γ5678) + a4Γ3456(1± Γ5678) + a6Γ5678 + a7Γ3457(1± Γ5678) , (3.23)
with a1 = f1, a2 = f2, a4 = f12, a7 = f13 and a6 = −(1 ∓ 1)a2a4/a1 where the upper(lower)
sign refers to the first(second) branch. Note that the last term anti-commutes with the a2 and
a4-terms and commutes with the others. Diagonalizing the matrices as far as possible we can
take
Γ1234 → ǫ11 , Γ1256 → ǫ2σ3 , Γ3456 → ǫ4σ3 , Γ5678 → ǫ61 , Γ3457 → σ1 , (3.24)
when acting on ξ with the sign factors satisfying ǫ1ǫ2 = −ǫ4. Again we define bi = ǫiai.
Recalling the general form of the second supersymmetry condition in (3.2) given in (3.7)
where /F = /F 1 + /F 2 and [/F 1,Γb] = 0 = {/F 2,Γb} for a given b and taking the difference of the
equation for b = 5 and b = 6 we get the equation
(1∓ ǫ6)
[
4b1 − 2b6 + (1± 1)b2σ3
]
ξ = 0 . (3.25)
From the equation for f21 = b
2
1 in terms of the others below (2.61) and (2.62) it is easy to verify
that the determinant of the factor in square brackets cannot vanish implying that
ǫ6 = ±1 , (3.26)
where the sign is correlated with the sign in (3.23). Repeating the same calculation with b = 5
and b = 7 we find
(1± 1)b2
[
2b1 − b6 + b4σ3 + a7σ1
]
ξ = 0 . (3.27)
If we pick the upper sign, i.e. the second branch (2.61), we find, using the fact that in this case
b6 = 0 and b
2
1 = b
2
2 + a
2
7 + b
2
4, that b2 = f2 = 0 which again reduces us to background 29. We
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must therefore pick the lower sign so that we are dealing with the third branch (2.62) and we
have the relations
b21 = b
2
2 + b
2
4 + 2b
2
6 + a
2
7 , b6 = −a6 = −2
b2b4
b1
. (3.28)
Taking b = 5 we find that /F 1 and /F 2 commute and equation (3.7) factorizes giving
/F 1(/F 1 − 2b1 + 2b6)ξ = 0 , /F 1 = b1 + (b2 + b4)σ3 + a7σ1 . (3.29)
The remaining equations come from taking b = 1 and b = 3 in the second equation in (3.2) and
using again (3.7) they read
(
b24 +
1
4b
2
6 + a
2
7 − 12b1b6 − 2b2b4 − b6(b2 − b4)σ3 − b1b4σ3 + (b6 − b1)a7σ1 − b2a7σ3σ1
)
ξ =0
(3.30)(
b22 +
1
4b
2
6 − 12b1b6 − 2b2b4 + b6(b2 − b4)σ3 − b1b2σ3 − b6a7σ1 + b2a7σ3σ1
)
ξ =0 .
(3.31)
Their sum gives (
b21 + b
2
2 + b
2
4 +
1
2b
2
6 + a
2
7 − b1b6 − 4b2b4 − b1 /F 1
)
ξ = 0 . (3.32)
Assuming that det /F 1 6= 0 we have
(/F 1 − 2b1 + 2b6)ξ = 0 (3.33)
and using this in the above equation gives
− b21 + b22 + b24 + 12b26 + a27 + b1b6 − 4b2b4 = 0 , (3.34)
which together with (3.28) gives
b6(2b1 − b6) = 0 . (3.35)
The second factor cannot vanish so we must have b6 = 0 but then det /F 1 = b6(2b6 + b1) = 0 in
contradiction to our assumption. We conclude that det /F 1 = 0 so that
b6(2b6 + b1) = 0 . (3.36)
If det(/F 1 − 2b1 + 2b6) 6= 0 then /F 1ξ = 0 but in that case equation (3.32) is inconsistent with
the above equation. We conclude that
det(/F 1 − 2b1 + 2b6) = 3b6(2b6 − b1) = 0 (3.37)
and the only solution that solves also the previous equation is 0 = b6 = −2b2b4/b1 so that b4 = 0
(b2 = 0 would again reduce us to the special case of background 29). The solution to (3.28),
(3.29), (3.30) and (3.31) becomes
b21 = b
2
2 + a
2
7 , (b1 − b2σ3 − a7σ1)ξ . (3.38)
We find that /F takes the form (recall that we have a1 = f1, a2 = f2 and a7 = f13 and the rest
vanishing in (2.62))
/F = a1Γ
1234
(
2(1− 2P1)P2 + 1
)
, (3.39)
where we have defined two spinor projection operators that commute and each project on a
16-dimensional subspace
P1 = 1
2
(
1 +
a2
a1
Γ3456 +
a7
a1
Γ1257
)
, (a21 = a
2
2 + a
2
7) , P2 =
1
2
(1− Γ5678) . (3.40)
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Translating back to 32-component spinors the projection condition on the Killing spinor becomes
ξ = P1P2ξ , (3.41)
leaving eight non-zero components.
Using the fact that the non-zero components of Rab
cd are R12
12 = −a22 and R3434 = −a27 it
is not hard to verify that the remaining supersymmetry conditions (3.3) are also satisfied. This
solution therefore preserves eight supersymmetries. Note that the special case a7 = f13 = 0
corresponds to background 29 which therefore preserves the same amount of supersymmetry.
60. AdS2 × S3 × S2 × T 4
The flux takes the form (2.81)–(2.84)
/F = a1Γ
0123 + a2Γ
0145 + a3Γ
0167 + a4Γ
2345 + a5Γ
2367 + a6Γ
4567 + a7Γ
2346(1± Γ4567) . (3.42)
If a7 = f13 vanishes, which includes the first branch (2.81), /F is diagonalizable and comparing
to (3.5) the solution in (3.16) gives
b1 = b2 = b3 , (3.43)
and the rest vanishing, which reduces the background to 61. This solution turns out to be a
special case of the more general solution with a7 6= 0 which will be found below.
It remains to analyze the branches (2.82), (2.83) and (2.84) with a7 = f13 6= 0. The flux
takes the form
/F = a1Γ
0123 + a2Γ
0145(1− Γ4567) + a4Γ2345(1± Γ4567) + a6Γ4567 + a7Γ2346(1± Γ4567) , (3.44)
with a1 = f1, a2 = f2, a4 = f12, a6 = f4, a7 = f13 and the condition (1 ± 1)a1a6 = 0 whose
solution distinguishes the first and second branch of solutions. Here the upper sign refers to
the first two branches and the lower sign to the third branch. Since this is of the same form as
(3.23) above with only the indices on the gamma matrices shifted the supersymmetry equations
coming from (3.2) take the same form as in (3.25), (3.27) and (3.29)–(3.31) but with b1,2 → ib1,2
to account for the fact that (Γ0)2 = −1. The first equation becomes
(1∓ ǫ6)
[
4ib1 − 2b6 + (1± 1)ib2σ3
]
ξ = 0 . (3.45)
From the equation for f22 = b
2
2 in terms of the others below (2.82), (2.83) and (2.84) it is easy
to verify that the determinant of the factor in square brackets can only vanish if we are in the
branch (2.83) and b22 = 4b
2
1. However in that case, assuming that the first factor is non-zero, i.e.
ǫ6 = −1, the second equation in (3.2) with b = 3 implies b1 = 0 which is inconsistent. Therefore
we conclude again that the first factor must vanish and
ǫ6 = ±1 , (3.46)
where the sign is correlated with the sign in (3.44). Repeating the same calculation with b = 5
and b = 7 we find
(1± 1)b2
[
2ib1 − b6 + b4σ3 + a7σ1
]
ξ = 0 . (3.47)
Taking the upper sign, corresponding to the branches (2.82) and (2.83), we find that since b2
cannot vanish the determinant of the factor in square brackets must vanish. This is only possible
for the first branch but in that case the solution again becomes inconsistent with the second
27
equation in (3.2) with b = 3. We conclude that we must pick the lower sign corresponding to
the branch (2.84) which has
b22 = b
2
1 + b
2
4 + 2b
2
6 + a
2
7 , b4 =
b1b6
2b2
. (3.48)
Replacing b1,2 → ib1,2 in (3.29) we find
/F 1(/F 1 − 2ib1 + 2b6)ξ = 0 , /F 1 = ib1 + (ib2 + b4)σ3 + a7σ1 . (3.49)
We must have either det /F 1 = 0 or det(/F 1− 2ib1 +2b6) and in either case we find by looking at
the imaginary terms that b2b4 = 0 and since b2 cannot vanish that b4 = 0. Looking at the real
terms we then find that also b6 = 0 and the remaining equations reduce to(− ib1 + ib2σ3 + a7σ1)ξ = 0 , b22 = b21 + a27 . (3.50)
We therefore find that /F takes essentially the same form as for background 28 above (recall
that a1 = f1, a2 = f2, a7 = f13 and the rest vanishing in (2.84))
/F = a1Γ
0123
(
2(1− 2P1)P2 + 1
)
, (3.51)
where the projectors are now
P1 = 1
2
(
1 +
a2
a1
Γ2345 − a7
a1
Γ0146
)
, (a22 = a
2
1 + a
2
7) , P2 =
1
2
(1− Γ4567) . (3.52)
The Killing spinor satisfies
ξ = P1P2ξ , (3.53)
leaving eight supersymmetries.
Using the fact that the non-zero components of Rab
cd are R01
01 = a22 and R23
23 = −a27 it is
not hard to verify that the remaining supersymmetry conditions (3.3) are also satisfied. This
solution therefore preserves eight supersymmetries. Note that the special case a7 = f13 = 0
corresponds to background 61 which therefore also preserves eight supersymmetries.
43. AdS2 × S2 × S2 × T 5
The flux takes the form (2.28)–(2.33)
/F =a1Γ
0167(1− Γ6789) + a2Γ2367(1 + Γ6789) + a3Γ2368(1 + ǫΓ6789) + a6Γ4567(1 + Γ6789)
+ a7Γ
4568(1± Γ6789) + a8Γ4569(1± Γ6789) , (3.54)
where the lower sign refers to the first two branches and the upper sign to the last four. The
second and third branch have ǫ = −1 and the rest have ǫ = +1. Here a1 = f3 6= 0, a2 = f12,
a3 = f13, a4 = −f23, a5 = f24, a6 = g12, a7 = g13, a8 = g14, a9 = g23, a10 = g24. Effectively we
can replace
Γ0167 → iσ1 , Γ2367 → ǫ2σ1 , Γ2368 → ǫ3σ2 , Γ4567 → ǫ6σ1 , Γ4568 → ǫ7σ2 ,
Γ4569 → ǫ8σ3 , Γ6789 → ǫ91 , (3.55)
when acting on ξ with suitable relations between the ǫ’s. Taking b = 0 in the second equation
in (3.2) we get
/F 1
(
/F 1+ia1(1−ǫ9)σ1
)
ξ = 0 , /F 1 = (1+ǫ9)(b2+b6)σ
1+[(1+ǫǫ9)b3+(1±ǫ9)b7]σ2+(1±ǫ9)b8σ3 ,
(3.56)
28
while taking {ab} = {01} in (3.3) we get
(
/F
2
1 + 8(1− ǫ9)a21 + 4i(1 − ǫ9)a1σ1 /F 1 − 36R0101
)
ξ = 0 . (3.57)
Clearly we must take ǫ9 = −1 since otherwise the curvature of AdS2 would vanish. The above
equations then become
/F 1
(
/F 1 + 2ia1σ
1
)
ξ = 0 ,
(
8a21 + 5ia1σ
1 /F 1 − 18R0101
)
ξ = 0 , (3.58)
where /F 1 = [(1 − ǫ)b3 + (1 ∓ 1)b7]σ2 + (1 ∓ 1)b8σ3. Multiplying the last equation by /F 1 and
using the first we find
/F 1(a
2
1 −R0101)ξ = 0 , (3.59)
implying, using /F = /F 1 + 2ia1σ
1, that
(/F − 2ia1σ1)ξ = 0 , R0101 = 4
9
a21 or /Fξ = 0 , R01
01 = a21 . (3.60)
Only the latter curvature agrees with the Einstein equation. We conclude that /Fξ = 0 which
implies
0 = det /F = 4a21 − [(1− ǫ)b3 + (1∓ 1)b7]2 − 2(1 ∓ 1)b28 . (3.61)
This rules out the last three branches (2.31)–(2.33) and reduces the first and third branch (2.28)
and (2.30) to the third branch of background 45, (2.49), which will be a special case of the
general solution found below. That leaves only the second branch (2.29) which satisfies the
above condition. For this branch we have (recall that a1 = f3, a3 = f13 and a8 = g14 and the
rest vanishing)
/F = 4a1Γ
0167(1− P1)P2 , ξ = P1P2ξ , (3.62)
where
P1 = 1
2
(
1− a3
a1
Γ012378 − a8
a1
Γ014579
)
, (a21 = a
2
3 + a
2
8) , P2 =
1
2
(1− Γ6789) . (3.63)
It is easy to check, using R01
01 = a21, R23
23 = −a23 and R4545 = −a28 that all the supersymmetry
conditions are satisfied so that the background (2.29) with the above conditions preserves 8
supersymmetries. The special case a8 = 0 corresponds to the third branch of background 45,
(2.49), which therefore also preserves 8 supersymmetries.
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A Eleven-dimensional supergravity in superspace
In this appendix we will briefly recall the description of eleven-dimensional supergravity [1]
in superspace [23, 24]. The basic superfields are the frame fields, or supervielbeins, EA for
A = {a, α} with a = 0, . . . , 10 and α = 1, . . . , 32 and the SO(1, 10) spin connection superfield Ωab
which is anti-symmetric in the indices. These fields are functions of the superspace coordinates
zM = {xm, θµ}.16 The torsion and curvature superfields are defined in terms of these as
TA = dEA + EB ∧ ΩBA , RAB = dΩAB +ΩAC ∧ΩCB , (A.1)
where we have defined Ωβ
a = 0 = Ωb
α and Ωβ
α = −14Ωab(Γab)αβ.17 They satisfy the following
Bianchi identities
dTA + TB ∧ ΩBA = EB ∧RBA , dRAB +RAC ∧ ΩCB − ΩAC ∧RCB = 0 . (A.2)
It is also convenient to introduce the four-form superfield F = dC with C the three-form
superfield potential. Its Bianchi identity is
dF = 0 . (A.3)
In components the Bianchi identities read
∇[ATBC]D + T[ABET|E|C]D = R[ABC]D , ∇[ARBC]DE + T[ABFR|F |C]DE = 0 ,
∇[AFBCDE] + 2T[ABFF|F |CDE] = 0 . (A.4)
To obtain a sensible supergravity theory one must impose constraints on components of
the torsion and curvature so that one is left with the right field content. It turns out that in
eleven dimensions it is enough to impose the basic dimension zero constraint on the torsion
Tαβ
a ∼ Γaαβ [25]. Everything else follows from the Bianchi identities.18 The constraints that
follow from solving the Bianchi identities, organized according to the mass dimension of the
fields, are
Dim 0: Tαβ
a = −i(Γa)αβ , Fαβab = −i(Γab)αβ , (A.5)
Dim 1: Taβ
γ ≡ (Ga)γβ = 18(/FΓa)γβ − 124 (Γa /F )γβ , (/F ≡
1
4!
FabcdΓ
abcd) (A.6)
Rαβ
ab ≡ (Gab)αβ = −2i(ΓbGa)(αβ) = i4 (Γ[a /FΓb])αβ − i24(Γab /F )αβ − i24 (/FΓab)αβ ,
Dim 32 : Γ
aψab = 0 , Rαbcd =
i
2 (Γbψcd)α − i(Γ[cψd]b)α , (Tabγ ≡ ψγab) ,
∇αFabcd = 6i(Γ[abψcd])α , (A.7)
Dim 2: ∇αψβab ≡ (Uab)βα = 2(G[aGb])βα − 14Rabcd(Γcd)βα − 2(∇[aGb])βα , (A.8)
Dim 52 : ∇αRabcd = −(Gcdψab)α − i(Γ[a∇b]ψcd)α − i(ψcdΓ[aGb])α + 2i(ψ[a[cΓd]Gb])α
+ 2i(Γ[c∇[aψb]d])α , (A.9)
16Tangent space indices are taken from the beginning of the alphabet and coordinate indices from the middle
of the alphabet.
17The 32× 32 gamma-matrices satisfy the basic Fierz identity
Γa(αβ(Γab)γδ) = 0
and their anti-symmetric products satisfy the duality relations
Γa1···an =
(−1)[n/2]
(11− n)!
εa1···anan+1···a11Γa
n+1···a11 .
18This is not true, for example, in the case of type II supergravity in ten dimensions [26].
30
while the remaining components, Tαβ
γ , Tab
c and Fαbcd vanish.
The supergravity equations of motion for the bosonic superfields follow from the fact that
ψab is gamma-traceless, implying that Γ
aUab = 0, and from the definition of Uab in (A.8) one
finds
Rac
bc =
1
144
δbaFcdefF
cdef − 1
12
FacdeF
bcde , R[abc]d = 0 ,
∇aF abcd = − 1
2(4!)2
εbcdefghijklFefghFijkl , ∇[aFbcde] = 0 , (A.10)
or equivalently (2.1).
B Symmetric space superisometry algebra
Here we will derive the form of the superisometry algebra for a symmetric space background in
terms of the geometry and flux. The derivation follows the same lines as in the D = 10 type II
case [8].
A supergravity background has (super)isometries provided that there exist vector superfields
K(ǫ) = ǫ
AKAM∂M , (B.1)
where ǫA is a collection of constant infinitesimal parameters, such that the superspace Killing
equation
LK(ǫ)EA = EBlBA , (B.2)
is satisfied, where L is the Lie derivative. This equation says that under an infinitesimal (su-
per)isometry transformation the frame fields (supervielbeins) transform by a local Lorentz trans-
formation lB
A whose non-zero components are lab = −lba and lβα = −14 lab(Γab)αβ . It is possible
to pick the frame such that lab = 0 but we will not do this here. Using the definition of the Lie
derivative and of the torsion the superspace Killing equation takes the form
∇KA(ǫ) + iK(ǫ)TA − EB
(
lB
A + iK(ǫ)ΩB
A
)
= 0 . (B.3)
Since we have introduced the four-form superfield strength F we should also impose that it
respects the isometries, i.e.
LKF = diKF = 0 or KE∇EFABCD = −4(l[AE + iKΩ[AE)F|E|BCD] . (B.4)
This condition is in fact implied by (B.2) since the degrees of freedom of F are contained in EA.
Now we restrict to the case of symmetric spaces. In that case we have
ǫA = (ǫa, ǫab, ǫαˆ) , (B.5)
corresponding to translations, rotations and supersymmetries. Note that ǫa exist for all values
of a = 0, . . . , 10 while ǫab exist only for a, b belonging to the same indecomposable factor in
the geometry. The supersymmetry parameters ǫαˆ exist for αˆ = 1, . . . , N corresponding to N
supersymmetries.19 It is important to note that in addition the matrices defined by
Ka
m , Kαˆ
βˆ = Kαˆ
MEM
βˆ , (B.6)
19We have seen that for AdS backgrounds the possible values are N = {0, 8, 16, 32}.
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must have maximal rank, i.e. 11 and N respectively, by definition. Here we have split the
Grassmann odd cotangent space as Eα = (Eαˆ, Eα
′
) where Eαˆ are the fermionic directions
associated with supersymmetries. We can pick the Grassmann odd coordinates so that they
also reflect this splitting, i.e. θµ = {ϑµˆ, υµ′}. This splitting will be such that Eα′ |υ=0 = 0. We
will show below that the restriction of the full (11|32)-dimensional superspace to the (11|N)-
dimensional subspace with υ = 0 gives a supercoset space and determine the corresponding
superisometry algebra.
Consider the equation expressing the invariance of F under an isometry transformation,
(B.4). We can pick a suitable frame such that the RHS vanishes and we have KE∇EFABCD = 0.
In the symmetric space case this gives the equations
Ka
F∇FFbcde = 0 , KabF∇FFbcde = 0 , KαˆF∇FFbcde = 0 . (B.7)
The first and last equation give, using the invertibility of Ka
b and Kαˆ
βˆ and restricting to the
υ = 0 subspace with ∇α′Fbcde|υ=0 = 0,
∇AFbcde|υ=0 = 0 . (B.8)
The superspace constraint (A.7) then implies
∇aFbcde|υ=0 = 0 , ψαab|υ=0 = 0 . (B.9)
In general one can determine the full superspace geometry by solving the equations (for more
details see for example [27])
d
dt
EA = iθT
A ,
d
dt
Ωab = iθR
ab ,
d
dt
Fabcd = θ
α∇αFabcd , (B.10)
where one thinks of the superfields as functions of a parameter t by rescaling the fermions as
θ → tθ. The boundary conditions for the solution are given by the bosonic geometry. In general
these equations are very hard to solve (they were solved to order θ5 in [28]) but they become
very simple in our case when we restrict to the υ = 0 subspace. Using the superspace constraints
(A.5)–(A.7) we find (we drop the vertical bars in the following)
d
dt
Ea = −iEΓaϑ , d
dt
Eαˆ = Ea(Gaϑ)
αˆ ,
d
dt
Ωab = EGabϑ ,
d
dt
Fabcd = 0 . (B.11)
The equations are now linear and easy to solve. In fact these equations imply that the (11|N)-
dimensional superspace obtained by setting υ = 0 is a supercoset space. To see this we define a
Maurer-Cartan form valued in the superisometry algebra
J = 12Ω
abMab + E
aPa + E
αˆQαˆ . (B.12)
The equations for the supergeometry (B.11) are easily shown to be equivalent to the Maurer-
Cartan equation
dJ − J ∧ J = 0 , (B.13)
provided that the superisometry algebra takes the following form
[Pa, Pb] = −12RabcdMcd , [Mab, Pc] = 2ηc[aPb] , [Mab,Mcd] = 2ηc[aMb]d − 2ηd[aMb]c ,
[Pa, Qαˆ] = (QGa)αˆ , [Mab, Qαˆ] = −12(QΓab)αˆ , {Qαˆ, Qβˆ} = iΓaαˆβˆ Pa − 12G
ab
αˆβˆ
Mab . (B.14)
This is formally the same as in the type II case [8]. Note that the structure constants are
determined in terms of the Riemann curvature tensor and the flux which are indeed constant
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for a symmetric space background and one can also verify that the Jacobi identity holds so
that the superisometry algebra is indeed a Lie algebra. For the supersymmetric AdS solutions
constructed here one obtains the algebras listed in table 6.
Let us finally note that using the results of this section it is easy to construct the superme-
mbrane action restricted to the supercoset subspace. In the maximally supersymmetric cases
this gives the full action which was already constructed long ago in [29].
C No AdS2×(S2)n×T 9−2n solutions with flux on all flat directions
Here we show that for the backgrounds AdS2 × S2 × S2 × S2 × T 3, AdS2 × S2 × S2 × T 5 and
AdS2 × S2 × T 7 it is not possible to have flux on all torus directions. This in turn means that
these backgrounds must have |F |2 = 0.
AdS2 × S2 × S2 × S2 × T 3. The flux takes the form
F =fiν ∧ σi + f4σ1 ∧ σ2 + f5σ1 ∧ σ3 + f6σ2 ∧ σ3 + f7ν ∧ ϑ12 + σ1 ∧ (f8ϑ12 + f9ϑ13)
+ σ2 ∧ (f10ϑ12 + f11ϑ13 + f12ϑ23) + σ3 ∧ (f13ϑ12 + f14ϑ13 + f15ϑ23) . (C.1)
The condition F ∧ F = 0 implies
f1f12 = f1f15 = 0 , f4f3 + f5f2 + f6f1 = 0 , f2f8 + f7f4 + f1f10 = 0 ,
f2f9 + f1f11 = 0 , f7f5 + f3f8 + f1f13 = 0 , f3f9 + f1f14 = 0 ,
f7f6 + f3f10 + f2f13 = 0 , f3f11 + f2f14 = 0 , f3f12 + f2f15 = 0 ,
f4f13 + f5f10 + f6f8 = 0 , f4f14 + f5f11 + f6f9 = 0 , f4f15 + f5f12 = 0 (C.2)
and the Einstein equation in the flat directions imply
f21 + f
2
2 + f
2
3 − f24 − f25 − f26 + 3f212 + 3f215 = 0 , −f27 + f28 + f210 + f213 − f212 − f215 = 0 ,
f29 + f
2
11 + f
2
14 − f212 − f215 = 0 , f11f12 + f14f15 = 0 , f10f12 + f13f15 = 0 ,
f8f9 + f10f11 + f13f14 = 0 . (C.3)
If f1 6= 0 we find f12 = f15 = 0 which implies that there cannot be flux on all torus directions.
Therefore we must have f1 = 0. Assuming f9 6= 0 we find f2 = f3 = 0 and to have flux on all
flat directions f7 = 0. Since f7 vanishes we can perform rotations to set also f8 = f12 = 0 but
it is then easy to see that f15 must vanish and there cannot be flux on all torus directions. It
remains to analyze the case when f9 = 0 in which case we may also set f12 = 0 by a rotation.
Since we must have f15 6= 0 we find f2 = f4 = f13 = f14 = 0 and f5f11 = f3f11 = 0. Since f11
cannot vanish we get f3 = f5 = f10 = 0 but then we must have f6 6= 0 giving f7 = f8 = 0 and
there is again no solution.
AdS2 × S2 × S2 × T 5. The flux takes the form
F = f1ν ∧ σ1 + f2ν ∧ σ2 + f3σ1 ∧ σ2 + ν ∧ α+ σ1 ∧ β + σ2 ∧ γ + δ , (C.4)
with α, β, γ ∈ Ω2(T 5) and δ ∈ Ω4(T 5). The condition F ∧ F = 0 forces
f1γ + f2β + f3α = 0 , f1δ = −α ∧ β , f2δ = −α ∧ γ , f3δ = −β ∧ γ . (C.5)
The trace of the Einstein equation in the flat directions gives
0 = −|α|2+|β|2+|γ|2+2|δ|2−56 |F |2 = 16 |F |2+f21+f22−f23+|δ|2 ⇒ |F |2 = 6(f23−f21−f22−|δ|2) .
(C.6)
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Taking α = f4ϑ
12 + f5ϑ
34 the Einstein equation in the 5-direction gives
1
2 |i5β|2 + 12 |i5γ|2 + 12 |i5δ|2 + f21 + f22 + |δ|2 − f23 = 0 , (C.7)
implying that to have flux on the 5-direction we need f3 6= 0. The F ∧ F = 0 condition
implies δ = − 1
f3
β ∧ γ, f1γ + f2β + f3α = 0 and f2β2 = f1γ2 = 0. Assuming f1 6= 0 find
γ = −(f2/f1)β−(f3/f1)α. We take, without loss of generality, β = 12fijϑij+f6ϑ15+f7ϑ35 where
i, j = 1, . . . , 4. The component Einstein equations R15 = 0 and R35 = 0 imply f13f7 = f13f6 = 0
and since f6 and f7 cannot both vanish, since that would imply no flux in the 5-direction, we
get f13 = 0. Computing the combination of components of the Einstein equation in the flat
directions R11 −R22 +R33 −R44 gives
(−2f224 + f26 + f27 )(1 + f22 /f21 ) + f24f27 /f21 + f25 f26 /f21 = 0 , (C.8)
showing that f24 cannot vanish since that would imply f6 = f7 = 0. The component Einstein
equations R12 = 0 and R34 = 0 then imply f14 = f23 = 0. And then R13 = 0 implies f6f7 = 0
while computing the combination R11 −R22 −R33 +R44 we find
f26 (1 + f
2
2 /f
2
1 + f
2
5 /f
2
1 )− f27 (1 + f22 /f21 + f24/f21 ) = 0 , (C.9)
whose only solution is f6 = f7 = 0 in contradiction to the assumptions.
It remains to analyze the case f1 = f2 = 0. F ∧ F = 0 implies α = 0 and we may take
β = f4ϑ
12+f5ϑ
34 and γ = 12fijϑ
ij+f6ϑ
15+f7ϑ
35 where i, j = 1, . . . , 4. The analysis is essentially
a special case of that carried out for f1 6= 0 and we conclude via the same steps that there is no
solution with flux on all torus directions.
AdS2 × S2 × T 7. The flux takes the form
F = f1ν ∧ σ + ν ∧ α+ σ ∧ β + γ , (C.10)
with α, β ∈ Ω2(T 7) and γ ∈ Ω4(T 7). Taking the trace of the Einstein equation in the flat
directions gives
0 = −|α|2 + |β|2 + 2|γ|2 − 76 |F |2 = f21 + |γ|2 − 16 |F |2 ⇒ |F |2 = −6(f21 + |γ|2) . (C.11)
Taking α = f2ϑ
12 + f3ϑ
34 + f4ϑ
56 the Einstein equation in the 7-direction implies
0 = 12 |i7β|2 + 12 |i7γ|2 − 16 |F |2 = 12 |i7β|2 + 12 |i7γ|2 + f21 + |γ|2 , (C.12)
implying that there cannot be flux on the 7-direction.
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